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General Cross References 


RAYTHEON RAYTHEON RAYTHEON RAYTHEON 

INDUSTRY DIRECT FUNCTIONAL INDUSTRY DIRECT FUNCTIONAL 
TYPE REPLACEMENT REPLACEMENT TYPE REPLACEMENT REPLACEMENT 
ADVFC32 RC4153 ICL7660 RC4391 
ADOP07 OP-07 ICL7680 RC4190 
ADOP27 OP-27 ICL8013 RC4200 
ADOP37 OP-37 LF155 LF155 

ADREFO1 REF-01 LF156 LF156 

ADREF02 REF-02 LF157 LF157 

AD101 M101 LH2101 LH2101 

AD558 DAC-4888 LH2108 LH2108 

AD565 DAC-8565 LH2111 LH2111 

AD581 REF-01 LM101 LM101 

AD586 REF-02 LM111 LM111 

AD647 RC4207 LM108 LM108 

AD654 RC4152 LM124 LM124 

AD707 RC4077 LM148 LM148 

AD708 RC4277 LM324 LM324 

AD741 RC741 LM331 RC4152 
AD767 DAC-4881 LM348 LM348 

AM686 RC4805 LM368-5.0 REF-02 
AM6012 DAC-6012 LM368-10 REF-01 
CA124 LM124 LM369 REF-01 
CA324 LM324 LM607 RC4077 
CA139 LM139 LM741 RC741 

CA339 LM339 LM833 RC5532 

CA741 RC741 LM1458 RC4558 
CS3842 RC4190 LM1851 LM1851 

CMP-04 LM139 LM1851 RC4145 
CMP-05 RC4805 LM2900 LM2900 

DAC-08 DAC-08 LM2901 LM339 
DAC-10 DAC-10 LM2902 LM324 
DAC-80 DAC-4881 LM3900 LM3900 

DAC-100 DAC-10 LP165 LP165 

DAC-312 DAC-6012 LP365 LP365 

DACO800 DAC-08 LT-1001 LT-1001 

DAC0801 DAC-08 LT-1012 LT-1012 

DAC0830 DAC-4888 LT-1012 RC4097 
DAC-888 DAC-4888 LT-1019 REF-01 
DAC1208 DAC-4881 LT-1019 REF-02 
DAC1218 DAC-6012 LT-1024 RC4207 
DAC1219 DAC-6012 LT-1028 OP-37 
DAC1230 DAC-4881 LT-1054 RC4391 
DAC8222 DAC-4881 LT-1070 RC4190 
HA-OP27 OP-07 LT-1084 RC4292 
HA-OP27 OP-27 MAX400 RC4077 
HA-OP37 OP-37 MAX630 RC4193 

HA-3182 RC3182 MAX630 RC4190 
HA-4741 RC4741 MAX634 RC4391 

HA-5147 OP-47 MC1741 RC741 

HSOP07 OP-07 MC1747 RC747 

HSOP27 OP-27 MC3403 RC3403 

HSOP37 OP-37 MC4558 RC4558 
12 Raytheon 


Cross References 


General Cross References (Continued) 


RAYTHEON RAYTHEON RAYTHEON RAYTHEON 
INDUSTRY DIRECT FUNCTIONAL INDUSTRY DIRECT FUNCTIONAL 
TYPE REPLACEMENT REPLACEMENT TYPE REPLACEMENT REPLACEMENT 
MC4741 RC4741 SG741 RC741 
MPREF01 REF-01 SI-9100 RC4292 
MPREF02 REF-02 SSM-2134 RC5534 
MPOP07 OP-07 TA7504 RC741 
MPOP27 OP-27 TA75339 LM339 
MPOP37 OP-37 TL494 RC4190 
MP108 LM108 TL496 RC4190 
MP155 LM155 TL497 RC4190 
MP156 LM156 TL510 RC4805 
MP157 LM157 TSC9400 RC4151 
NE5532 RC5532 TSC9401 RC4151 
NE5534 RC5534 TSC9402 RC4151 
OPA156 LM156 UC1842 RC4292 
OPA27 OP-27 VFC-32 RC4153 
OPA37 OP-37 XR-2207 XR-2207 
OP-02 RC741 XR-2208 RC4200 
OP-04 RC747 XR-2211 XR-2211 
OP-07 OP-07 XR-3403 RC3403 
OP-14 RC4558 XR-4136 RC4136 
OP-16 LF156 XR-4194 RC4194 
OP-27 OP-27 XR-4195 RC4195 
OP-37 OP-37 XR-5532 RC5532 
OP-77 OP-77 XR-5534 RC5534 
OP-97 RC4097 yA101 LM101 
OP-200 RC4207, RC4277 pA108 LM108 
A111 LM111 
OP-207 RC4207 
OP-227 RC4227 pA124 LM124 
OP-270 RC4227 ptA139 LM139 
PM-108 LM108 A148 LM148 
PM-139 LM139 pA324 LM324 
pLA339 LM339 
PM-148 LM148 
PM-155 LM155 pwA348 LM348 
PM-156 LM156 A741 RC741 
PM-157 LM157 yA747 RC747 
PM-339 LM339 
PM-348 LM348 
PM-741 RC741 
PM-747 RC747 
RC4136 RC4136 
RC4151 RC4151 
RC4152 RC4152 
RC4558 RC4558 
RC4559 RC4559 
REF-01 REF-01 
REF-02 REF-02 
REF-05 REF-02 
REF-10 REF-01 
SE5534 RC5534 
SG101 LM101 
$G124 LM124 
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ANALOG DEV. 


AD OP-07AH 
AD OP-07AH/883 
AD OP-07CN 

AD OP-07CR 

AD OP-07Q/883 
AD OP-07DN 

AD OP-07EN 

AD OP-07H 

AD OP-07H/883 
AD OP-07Q 

AD OP-07AQ 

AD OP-07AQ/883B 


AD OP-27AH 
AD OP-27AH/883 
AD OP-27AQ 
AD OP-27AQ/883 
AD OP-27BH 
AD OP-27BH/883 
AD OP-27BQ 
AD OP-27BQ/883 
AD OP-27CH 
AD OP-27CH/883 
AD OP-27CQ 
AD OP-27CQ/883 
AD OP-27EN 
AD OP-27FN 
AD OP-27GN 


AD OP-37AE 
AD OP-37AE/883 
AD OP-37AH 


RAYTHEON 


*OP-07AT 
*OP-07AT/883B 
*OP-07CN 
*OP-07CM 
*OP-07D/883B 
*OP-07DN 
*OP-07EN 
*OP-07T 
*OP-07T/883B 
*OP-07D 
*OP-07AD 


*OP-07AD/883B 


OP-27AT 
OP-27AT/883B 
OP-27AD 
OP-27AD/883B 
OP-27BT 
OP-27BT/883B 
OP-27BD 
OP-27BD/883B 
OP-27CT 
OP-27CT/883B 
OP-27CD 
OP-27CD/883B 
OP-27EN 
OP-27FN 
OP-27GN 


OP-37AL 
OP-37AL/883B 
OP-37AT 


TO-99 
TO-99 
PLASTIC 
SO-8 
CERAMIC 
PLASTIC 
PLASTIC 
TO-99 
TO-99 
CERAMIC 
CERAMIC 
CERAMIC 


TO-99 
TO-99 
CERAMIC 
CERAMIC 
TO-99 
TO-99 
CERAMIC 
CERAMIC 
TO-99 
TO-99 
CERAMIC 
CERAMIC 
PLASTIC 
PLASTIC 
PLASTIC 


LCC 
LCC 
TO-99 
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AD OP-37AQ 


AD OP-37AQ/883 


AD OP-37BH 


AD OP-37BH/883 


AD OP-37BQ 


AD OP-37BQ/883 


AD OP-37CH 


AD OP-37CH/883 


AD OP-37CQ 


AD OP-37CQ/883 


AD OP-37EN 
AD OP-37FN 
AD OP-37GN 


AD707AQ 
AD707CH 
AD707CH/883 
AD707CQ 
AD707CQ/883 
AD707JN 
AD707JR 
AD707KN 
AD707KR 
AD707SH 
AD707SH/883B 
AD707SQ 
AD707SQ/883 
AD707TH 
AD707TH/883B 
AD707TQ 
AD707TQ/883 


AD OP-37AH/883 


RAYTHEON 


PACKAGE 


OP-37AT/883B TO-99 
OP-37AD CERAMIC 
OP-37AD/883B CERAMIC 
OP-37BT TO-99 
OP-37BT/883B TO-99 
OP-37BD CERAMIC 
OP-37BD/883B CERAMIC 
OP-37CT TO-99 
OP-37CT/883B TO-99 
OP-37CD CERAMIC 
OP-37CD/883B CERAMIC 
OP-37EN PLASTIC 
OP-37FN PLASTIC 
OP-37GN PLASTIC 
*RC4077FD CERAMIC 
*RM4077AT TO-99 
*RM4077AT/883B TO-99 
*RM4077AD CERAMIC 
*RM4077AD/883B CERAMIC 
*RC4077FN PLASTIC 
*RC4077FM SO-8 
*RC4077EN PLASTIC 
*RC4077EM SO-8 
*RC4077AT TO-99 


*RC4077AT/883B TO-99 


*RC4077AD 


CERAMIC 


*RC4077AD/883B CERAMIC 


*RC4077AT 


TO-99 


*RC4077AT/883B TO-99 


*RC4077AD 


CERAMIC 


*RC4077AD/883B CERAMIC 


BURR BROWN 


OPA27AJ/883 
OPA27BJ/883 
OPA27CJ 
OPA27AJ 
OPA27AZ 
OPA27BJ 
OPA27BZ 
OPA27CJ 
OPA27CZ 
OPA27EP 
OPA27FP 
OPA27GP 
OPA27GU 
OPA27GZ 
OPA27AZ/883 
OPA27BZ/883 
OPA27CZ/883 


* Denotes functionally equivalent types. 


RAYTHEON 


*OP-27AT/883B 
*OP-27BT/883B 
*OP-27CT/883B 
*OP-27AT 
*OP-27AD 
*OP-27BT 
*OP-27BD 
*OP-27CT 
*OP-27CD 
*OP-27EN 
*OP-27FN 
*OP-27GN 
*OP-27GM 
*OP-27GD 
*OP-27AD/883B 
*OP-27BD/883B 
*OP-27CD/883B 


PACKAGE 


TO-99 
TO-99 
TO-99 
TO-99 
CERAMIC 
TO-99 
CERAMIC 
TO-99 
CERAMIC 
PLASTIC 
PLASTIC 
PLASTIC 
SO-8 
CERAMIC 
CERAMIC 
CERAMIC 
CERAMIC 


BURR BROWN 


OPA37AJ 
OPA37AJ/883 
OPA37AZ 
OPA37AZ/883 
OPA37BJ 
OPA37BJ/883 
OPA37BZ 
OPA37BZ/883 
OPA37CJ 
OPA37CJ/883 
OPA37CJ/883 
OPA37CZ 
OPA37EP 
OPA37FP 
OPA37GP 
OPA37GU 


Raytheon 


RAYTHEON 


*“OP-37AT 
*OP-37AT/883B 
*OP-37AD 


*OP-37AD/883B 


*OP-37BT 
*OP-37BT/883B 
*OP-37BD 


*OP37-BD/883B 


*OP-37CT 
*OP-37CT/883B 


*OP-37CD/883B 


*OP-37CD 
*OP-37EN 
*OP-37FN 
*OP-37GN 
*OP-27GM 


PACKAGE 


TO-99 
TO-99 
CERAMIC 
CERAMIC 
TO-99 
TO-99 
CERAMIC 
CERAMIC 
TO-99 
TO-99 
CERAMIC 
CERAMIC 
PLASTIC 
PLASTIC 
PLASTIC 
SO-8 


Cross References 


Precision Operational Amplifier Cross Reference (Continued) 


LTC RAYTHEON PACKAGE LTC RAYTHEON PACKAGE 
OP-07AH OP-07AT TO-99 LM108AH LM108AT TO-99 
OP-07AH/883B OP-07AT/883B TO-99 LM108AH/883B LM108AT/883B TO-99 
OP-07AJ8 OP-07AD CERAMIC LM108AJ8/883B LM108AD/883B CERAMIC 
OP-07AJ8/883B OP-07AD/883B CERAMIC LM108H LM108T TO-99 
OP-07CN8 OP-07CN PLASTIC LM108H/883B LM108T/883B TO-99 
OP-07CS8 OP-07CM SO-8 LM108J8/883B LM108D/883B CERAMIC 
OP-07EN8 OP-07EN PLASTIC 
OP-07H OP-07T TO-99 LT1001ACH LT-1001ACT TO-99 
OP-07H/883B OP-07T/883B TO-99 LT1001ACN8 LT-1001ACN PLASTIC 
OP-07J8 OP-07D CERAMIC LT1001AMH/883B LT-1001AMT/883B TO-99 
OP-07J8/883B OP-07D/883B CERAMIC LT1001AMJ8 LT-1001AMD CERAMIC 
LT1001AMJ8/883 LT-1001AMD/883B CERAMIC 
OP-27AH OP-27AT TO-99 LT1001CH LT-1001CT TO-99 
OP-27AH/883B OP-27AT/883B TO-99 LT1001CN8 LT-1001CN PLASTIC 
OP-27AJ8 OP-27AD CERAMIC LT1001CS8 LT-1001CM SO-8 
OP-27AJ8/883B §OP-27AD/883B CERAMIC LT1001MH LT-1001MT TO-99 
OP-27CH OP-27CT TO-99 LT1001MH/883B  LT-1001MT/883B TO-99 
OP-27CH/883B OP-27CT/883B TO-99 LT1001MJ8 LT-1001MD CERAMIC 
OP-27CJ8 OP-27CD CERAMIC LT1001MJ8/883B LT-1001MD/883B CERAMIC 
OP-27CJ8/883B OP-27CD/883B CERAMIC 
OP-27EN8 OP-27EN PLASTIC OP-227EN *RC4227FN PLASTIC 
OP-27GN8 OP-27GN PLASTIC OP-227GN *"RC4227GN PLASTIC 
OP-227AJ *“RM4227BD CERAMIC 
OP-37AH OP-37AT TO-99 OP-227AJ/883B *RM4227BD/883B CERAMIC 
OP-37AH/883B OP-37AT/883B TO-99 
OP-37AJ8 OP-37AD CERAMIC 
OP-37AJ8/883B | OP-37AD/883B CERAMIC 
OP-37CH OP-37CT TO-99 
OP-37CH/883B OP-37CT/883B TO-99 
OP-37CJ8 OP-37CD CERAMIC 
OP-37CJ8/883B OP-37CD/883B CERAMIC 
OP-37EN8 OP-37EN PLASTIC 
OP-37GN8 OP-37GN PLASTIC 
*Denotes functionally equivalent types. 
NOTE: LTC OP-227 contains two die in a 14-pin package. 
Raytheon's 4227 is a monolithic IC in an 8-pin package. 
Raytheon 1-5 
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Precision Operational Amplifier Cross Reference (Continued) 


PMI RAYTHEON PACKAGE PMI RAYTHEON PACKAGE 
OPO7AJ OP-07AT TO-99 OP77AJ OP-77AT TO-99 
OP07AJ/883 OP-07AT/883B TO-99 OP77AJ/883 OP-77AT/883B TO-99 
OP07AZ OP-07AD CERAMIC OP77AZ OP-77AD CERAMIC 
OP07AZ/883 OP-07AD/883B CERAMIC OP77AZ/883 OP-77AD/883B CERAMIC 
OP07CP OP-07CN PLASTIC OP77BJ OP-77BT TO-99 
OP07CS OP-07CM SO-8 OP77BJ/883 OP-77BT/883B TO-99 
OP07DP OP-07DN PLASTIC OP77BRC/883 OP-77BL/883B LCC 
OP07DS OP-07DM SO-8 OP77BZ OP-77BD CERAMIC 
OP0O7EP OP-07EN PLASTIC OP77BZ/883 OP-77BD/883B CERAMIC 
OP07J OP-07T TO-99 OP77EP OP-77EN PLASTIC 
OP07J/883 OP-07T/883B TO-99 OP77FP OP-77FN PLASTIC 
OP07RC/883 OP-07L/883B LCC OP77FS OP-77FM SO-8 
OP07Z OP-07D CERAMIC OP77GP OP-77GN PLASTIC 
OP072Z/883 OP-07D/883B CERAMIC OP77GS OP-77GM SO-8 
OP27AJ OP-27AT TO-99 PM108AZ LM108AD CERAMIC 
OP27AJ/883 OP-27AT/883B TO-99 PM108AZ/883 LM108AD/883B CERAMIC 
OP27AZ OP-27AD CERAMIC PM108AJ LM108AT TO-99 
OP27AZ/883 OP-27AD/883B CERAMIC PM108AJ/883 LM108AT/883B TO-99 
OP27BJ OP-27BT TO-99 PM108ARC LM108AL LCC 
OP27BJ/883 OP-27BT/883B TO-99 PM108ARC/883 LM108AL/883B LCC 
OP27BRC/883 OP-27BL/883B LCC PM108DZ LM108D CERAMIC 
OP27BZ OP-27BD CERAMIC PM108D2Z/883 LM108D/883B CERAMIC 
OP27BZ/883 OP-27BD/883B CERAMIC PM108J LM108T TO-99 
OP27CJ OP-27CT TO-99 PM108J/883 LM108T/883B TO-99 
OP27CJ/883 OP-27CT/883B TO-99 

OP27CZ OP-27CD CERAMIC PM2108AQ LH2108AD CERAMIC 
OP27CZ/883 OP-27CD/883B CERAMIC PM2108AQ/883 LH2108AD/883B CERAMIC 
OP27EP OP-27EN PLASTIC PM2108Q LH2108D CERAMIC 
OP27FP OP-27FN PLASTIC PM2108Q/883 LH2108D/883B CERAMIC 
OP27FS OP-27FM SO-8 

OP27GS OP-27GM SO-8 OP207AY/883 *RM4207BD/883B CERAMIC 
OP27GP OP-27GN PLASTIC OP207AY *RM4207BD CERAMIC 
OP37AJ OP-37AT TO-99 OP227AY *RM4227BD CERAMIC 
OP37AJ/883 OP-37AT/883B TO-99 OP227AY/883 *“RM4227BD/883B CERAMIC 
OP37AZ OP-37AD CERAMIC OP227BY/883 *RM4227BD/883B CERAMIC 
OP37AZ/883 OP-37AD/883B CERAMIC OP227GY *RC4227GN PLASTIC 
OP37BJ OP-37BT TO-99 

OP37BJ/883 OP-37BT/883B TO-99 

OP37BRC/883 OP-37BL/883B LCC 

OP37BZ OP-37BD CERAMIC 

OP37BZ/883 OP-37BD/883B CERAMIC 

OP37CJ OP-37CT TO-99 

OP37CJ/883 OP-37CT/883B TO-99 

OP37CZ OP-37CD CERAMIC 

OP37CZ/883 OP-37CD/883B CERAMIC 

OP37EP OP-37EN PLASTIC 

OP37FP OP-37FN PLASTIC * Denotes functionally equivalent types. 


NOTE: PMI"s OP207/227 contains two die in a 14-pin package. 
Raytheon’s 4207/4227 is a monolithic IC in an 8-pin package. 
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General Purpose Operational Amplifier Cross Reference 


LH2101A 
LH2111 
LM101A 
LM111 
LM124 


LM139 
LM148 
LM301A 
LM324 
LM339 


LM348 
LM2900 
LM3900 
RC3403A 
RC4136 


RC4156 
RC4157 


RC4558 
RC4559 


RC4741N 
RM4741D 
RC5532 
RC5532A 
RC5534 


RC5534A 
RC741 
RC747 
RC747S 


LH2101A 
LH2111 
LM101A 
LM111 
LM124 


LH2101A 


LM101A | LM101A CA101A 
CA111 


CA124 


LM101A 
LM111 
LM124 


| LM124 


LM139 CA139 LM139 


CA301A 
CA324 
CA339 


LM301A 
LM324 
LM339 


LM301A 
LM324 
LM339 


LM348 © LM348 LM348 

LM2900 

LM3900 LM3900 
MC3403 MC3403 

RC4136 

MC4741 LM348* LM348* 
MC4741* LM348* LM348* 
MC4558 RC4558 
MC4558* RC4559 


MC3-4741-5 
MC1-4741-2 
NE5532 NE5532 
NE5532A | NE5532A 
NE5534 NE5534 


NE5534A | NE5534A 


OP-02 MC1741 CA741_ | CA741 
OP-04 MC1747 CA747__| CA747 
OP-04 


*Functional Equivalent 


Section 1 


Data Conversion Cross Reference 


Analog 
Motorola Devices Power 


Raythen 
DAC-08AD 
DAC-08D 
DAC-08ED 


DAC-08EN 
DAC-08CN 


DAC-10BD 
DAC-10CD 
DAC-10FD 


DAC-10GD 


DAC- 6012AMD 


DAC- 6012MD 


DAC- 6012ACN 


DAC- 6012CN 


DAC-8565DS* 


DAC-8565JS* 


DAC-8565SS"* 


DAC-08AQ 


DAC-08Q 


DAC-08EQ 


DAC-08EP 
DAC-08CP 


DAC-10BX 


DAC-10CX 


DAC-10FX 


DAC-10GX 


DAC-312 BR” 


DAC-312FR* 


*Functional Equivalent 


AMDAC-08AQ | MC1408L8 | DAC-08AQ 


AMDAC-08Q 


AMDAC-08EQ 


AMDAC-O08EN 
AMDAC-08CN | MC1408P6 


AM6012ADM 


AM6012DM 


AM6012ADC 


AM6012DC 


DAC-08Q 


DAC-08EQ 


DAC-08EP 
DAC-08CP 


DAC-1020 
LD* 
DAC-1021/ 
22LD8* 
DAC-1020 
LCON* 
DAC-1021/ 
22LCN* 


DAC-1220 
LD* 
DAC-1221/ 
22LD* 
DAC-1220 
LCN* 
DAC-1221/ 
22LCN“ 


MC3412L 


MC3412L 


AD-1508- 
9D 

AD-1508- 
9D 

AD-1408- 
8D 


AD7520/ 
30/33* 
AD7520/ 
30/33" 
AD7520/ 
30/33* 
AD7520/ 
30/33* 


AD6012ADM 


AD6012DM 


AD6012ADC 


AD6012DC 


DAC-1208 
AD-I* 

DAC-1280 
HCD-I* 

DAC-1280 
HCD-I* 


MP-7523* 


MP-7523* 


MP-7523* 


MP-7520/ 
30/33" 
MP-7520/ 
30/33* 
MP-7520 
30/33* 
MP-7520/ 
30/33* 


MP-7531/ 
41* 

MP-7531/ 
41* 

MP-7531/ 
41* 

MP-7531/ 
41* 


ADS65JD/ 
BIN 

AD565JD/ 
BIN 

AD565SD/ 
BIN 


Micro- 
Datel 


DAC-IC8BC* 
DAC-IC8BC* 
DAC-IC8UP* 


DAC-IC8UP* 
DAC-IC8UP* 


DAC- HF10BMM* 
DAC- HF10BMM* 
DAC- HF10BMC* 


DAC-HF10BMC* 


DAC-HF12BMM* 
DAC- HF12BMM* 
DAC- HF12BMC* 


DAC- HF12BMC* 


Cross References 


Special Functions Cross Reference 


RC4151 
RC4152 
RC4153 


RC4200/A 


XR2207 
XR2211 
RC4444 


Raytheon 


“Functional Equivalent 


XR4151 
XR4151* 


XR2207 
XR2211 


Burr Brown 


VFQ-1C* VFC-32KF* 
VFQ-2C* VFC-42BP* 
VFQ-3C* VFC-52BP* 
MC1494* 4202K* & 
4205K* 


MC3416 


Voltage Regulator and Voltage Reference Cross Reference 


REF-01 

REF-01A 
REF-01C 
REF-01D 
REF-01E 
REF-01H 


REF-02 

REF-02A 
REF-02C 
REF-02D 
REF-02E 
REF-02H 


RC4190 
RC4193 
RC4391 
RC4194 
RC4195 


REF-01 

REF-01A 
REF-01C 
REF-01D 
REF-01E 
REF-01H 


REF-02 

REF-02A 
REF-02C 
REF-02D 
REF-02E 
REF-02H 


*Functional Equivalent 


XR4194CN 
XR4195CP 


MP-5501 
MP-5501A 


MP-5501C 
MP-5501D 


MP-5501E 
MP-5501H 


MP-5502 
MP-5502A 


MP-5502C 
MP-5502D 


MP-5502E 
MP-5502H 


MC1504AU10* LH0070-0* 
LH0070-1* 

MC1404U10* LH0070-2* 

MC1404U10* 

MC1404AU10* 

MC1504AU5* LM136-5.0* 
LM136A-5.0* 

MC1404U5* LM336-5.0* 

MC1404U5* LM336-5.0* 
LM336A-5.0* 

MC1404AU5* 

MC1468/ LM325/326* 

MC1568* 
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SECTION 2 


Propuct SELECTION GUIDE 


Precision Operational Amplifiers 


Input Offset Voltage Selection Table by Package Type 
(+25°C limits, in microvolts ) 


Leadless Metal 
Chip Can 
Carrier (L) TO-99 (T) 
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Precision Operational Amplifiers 


Electrical Characteristics (min/max except * 


Type Description Vv TCV i CMRR Gain 1 
eee ee wnt) | th 
0.3 


RC4077A Ultra Low Vie 10 

RC4077E 25 0.3 

RC4077F 60 0.6 

RM4077A 10 0.3 

RC4097A Low las 15 0.3 1.0 0.6 
RC4097E Low Power 25 0.6 . 1.0 0.6 
RC4097F 60 1.2 . 0.6 0.6 
RV4097E 25 0.6 : ; 1.0 0.6 
RV4097F 60 1.2 ; 0.6 0.6 
RM4097A 15 0.3 : 1.0 0.6 
RC4207F Dual Low Noise 75 1.3 +5 100 0.4 6.67 
RC4207G 150 0.7* +10 94 0.25 8.0 
RM4207B 75 y +5 100 0. 6.67 
RC4227F Dual Low Noise 75 : 6.67 
RC4227G 150 ; 8.0 
RM4227B 75 ; 6.67 


RC4277E 
RC4277F 
RV4277E 
RV4277F 
RM427A 


Dual Low V,,, 


ANGINA! OOO 
oOMmnomno; aL gi!» 


LH2108A 
LH2108 
LM108A 
LM108 


LT1001AM 
LT1001AC 
LT1001C 
LT1001M 


LT1012C 
LT1012M 


Low Noise 


nun) o-o-o 


—_ 
COMDMIMOMo]wWwowow 


Ultra Low Vos 15 


Low I,, 


Low Power 


OP-27A Ultra-Low Noise 
OP-27B 
OP-27C 
OP-27E 
OP-27F 


OP-27G 


Decompensated 
(AC Stable With 


V..25) 


Decompensated 
(AC Stable With 
AV,,,2400) 
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Section 2 


Audio and General Purpose Operational Amplifiers 
Single Operational Amplifiers 


Ss Typ. 
Offset Slew Available Packages 
Voltage | Current) Current Rate | Temp? 
Type Description (mV) (nA) (V/yS) | Range 


LM101A General Purpose with Improved 2.0 
LM301A Input Characteristics 7.5 


RC5534 
RM5534 
RCS5534A° 
RM5534A? 


Notes: 

1. Gain bandwidth product for 5534/A series and closed loop bandwidth for OP series. 
2. Operating Temperature Range: M = -55°C to +125°C; C = 0°C to +70°C. 

3. RM/RC5534A guarantees maximum input noise specification. 


Description 


LH2101A_ | High Performance 


RC747 Dual 741 
RM747 


Dual Operational Amplifiers 


RC4558 Wideband 741 
RM4558 

RC4559 High Performance 
RM4559 


RC5532 High Performance, Low Noise 
RM5532 

RC5532A° 

RM5532A° 


Notes: 

1. Gain bandwidth product for 5532A series. 

2. Operating Temperature Range: M = -55°C to +125°C; C = 0°C to +70°C. 
3. RM/RC5532A guarantees maximum input noise specification. 

( ) Denotes guaranteed specifications. 


Package Codes: 

D = Ceramic DIP 

L = Leadless Chip Carrier 
M = Plastic SOIC 

N = Plastic DIP 

T = Metal Can (TO-99) 


Product Selection Guide 


Audio and General Purpose Operational Amplifiers 
Quad Operational Amplifiers 


Maximum Input | 
Specifications @ 25°C | Unity . : 
Offset | Offset | Bias Available Packages 
Voltage |Current) Current : 
Type Description (mv) | (nA) | (mA) | (MHz) | (V/uS) | Range Baa 


RM4741 741 General Purpose 1.6 M X 
RC4741 1.6 C X 


WG Nh 
oo 
oo 


‘umiea | Single Sippy Sid 
[umi4e | Low Power 741 | 
rimsae | Low Power 74" 
— 
a 

4 


LM3900 Current Mode, Single Supply 
RC3403A | Ground Sensing 


RC4136 741 General Purpose 200 500 
RM4136 | 150 400 


RC4156 High Performance 300 3.5 


oO 

oO 
+ 
ade alts, Vaal a ln 
. . ° _ . ~ 
— me dade [ 
Oo 


O1wOD 


RM4156 


RC4157 High Speed, Decompensated 50 300 | 19(15) | 8 (6. 
RM4157 30 200 |19(15) | 8 (6 


Notes: 
1. Operating Temperature Range: M = -55°C to +125°C; C = 0°C to +70°C. 
( ) Denotes guaranteed specification. 


_ 
NM © 
oun 
— 
-«~ 
tk 
Eg 


me txt oe TT | pele 
a aac 


Comparators 


Leakage 
Current 
Type Description 


n 
[10 | 100 | 200] tev | o2 |x] | | | 
[10 [100 [200 [sv [02 [x|xt | [x 


LM139 Quad Single Supply 
LM339 Quad Single Supply 
Programmable 


RC4805 Precision High Speed 
RM4805 

RM4805A 

RC4805E 


Section 2 


Voltage References 


Nominai Sarr Voltage 
Voitage . : Range 
Device Out : (Voltage) 


REF-01A 10.00 i ; 12 to 40 
REF-01 10.00 , i , 12 to 40 


REF-01D} 10.00 . . 12 to 40 
REF-O1E | 10.09 | ; 12 to 40 
RF-01H 12 to 40 


REF-02A 
REF-02 

REF-02C 
REF-02D 
REF-02E 
REF-02H 


REF-01C | 10.90 ; : ; 12 to 40 


Other Standard Linear Products 


D/A Converters Ground Fault Interrupters 
DAC-08, 8-Bit Current Output LM1851, Industry Alternate Source 
DAC-10, 10-Bit Current Output RC4143/4144, Standard GFI 
DAC-4881, 12-Bit Complete RC4145, Low Power GFI 
DAC-4888, 8-Bit Complete 
DAC-8565, 12-Bit with Reference Special Functions 

RC4200, Analog Multiplier 
V/F Converters RC4444, Cross-Point Array 
RC4151, Basic 100 kHz RC4447, Pin-Diode Driver 
RC4152, Low-Drift 100 kHz RM3182, ARINC Bus Driver 
RC4153, Precision 250 kHz XR-2207, Voltage-Controlled Oscillator 


XR-2211, FSK Demodulator 
Voltage Regulators 
RC4190, Low Power Switcher 
RC4191/92/93, Low Power Switcher 
RC4194, Dual Tracking Linear 
RC4195, Dual Tracking Linear 
RC4292, Negative Input 
RC4391, Inverting Switcher 
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SECTION 3 


QUALITY & RELIABILITY 


Quality is the measure of a device’s confor- 
mance to its specifications, and reliability is the 
measure of the device’s performance over time. 
The approach to maintaining and improving 
them must be systematic, because every phase 
of the manufacturing process has an impact on 
the final product. 


Reliability Concepts 


Reliability is a measure of the life expectancy of 
a device, or to state it another way, the length 
of trouble-free performance that it can offer. 
There are various parameters of reliability, and 
these can be summarized by the curve shown 
in Figure 1. 


Infant Random Wearout 
Mortality Failures Failure 


2 
£ 
3 
ii 


65-02057A 


Figure 1. Failure vs. Time 


As a device is manufactured, there are numer- 
ous random potential failure mechanisms built 
in. These potential failure mechanisms usually 
exhibit themselves under a relatively moderate 
stress level, and hence occur early in the life 
span of the device. This period is termed Infant 
Mortality. The period of early failures can be 
reduced through good manufacturing control 
and screening methods. The screening tech- 
niques detailed are typical of the types of stress 
tests to which a product lot is subjected in order 
to detect the failure modes and to eliminate the 
suspect devices from the production lot. The 
tests described in Tables 1, 2, 3, and 4 are 
designed to screen out infant mortality defects 
which normally arise from manufacturing 
processes. 


The period of Random Failure represents the 
time when an occasional random failure 
mechanism can cause a device to fail. This 
period usually represents a long time with a 
very low device failure rate and is the major 
time frame of customer interest. The Wearout 
Failure period is the final period where the 
device literally wears out due to physical phe- 
nomenon that existed at the time of manufac- 
ture. 
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The infant mortality and random failures peri- 
ods can be described through a series of 
mathematical equations and probability calcula- 
tions. The probability of having a failure at a 
specific point in time can be expressed by the 
equation: 


— axt 
Po=e 


where: 
x = the failure rate (failures per unit time) 
t= time 


During the infant mortality period, “x” is chang- 
ing rapidly and does not become stable under 
the random failure period. The failure rate “x” is 
usually expressed in % failures per 1000 hours 
and is sometimes expressed as a mean time 
between failures (MTBF) through the expres- 
sion: 


1 


MTBF = ———————- 
Failure Rate 

Since the data for the failure rate calculations is 
derived from a sample of devices from a pro- 
duction lot, a confidence level number is usu- 
ally stated for the failure rate. A 60% confi- 
dence level (CL) has become a common 
number. The confidence leve! is demonstrated 
by the distribution curve shown in Figure 2. 
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Figure 2. Frequency vs. Failure Rate 


The failure rate “x” is calculated by using a Chi 
square (x2) distribution through the equation: 
2(x. 2r+2) 
X= ——Snt 


where: 


= 100-%CL/100 
r = number of rejects 
n = total number of devices 
t = time 


The number of failures over a period of time (x) 
is critical in determining an accurate failure rate 
number. If only device failures at room or 
operating temperatures were counied, it would 
take a large number of failures over a long 
period of time to gather sufficient data. There- 
fore, accelerated test methods using elevated 
temperatures are used. Temperature will 
accelerate the failures in a device and the 
increase can be expressed in a form of the 
Arrhenius equation which states that the 
reaction rate increases exponentially with 
temperature. 


-E 
R=rR.~.e — 
OKT 
where: 
R =reaction rate as a function of time and 
temperature 


R, = constant related to temperature 
T = Kelvin temperature 
E = activation energy (electron volts) 


When this equation is plotted, as shown in 
Figures 3 and 4, it can be used to determine 
the failure rate at temperatures other than the 
test temperature of the device. 


Reliability Program 


The quality and reliability activity at Raytheon is 
a thorough and continuous activity. It starts 
with the initial design concepts and carries 
through to the finished product . 


Reliability Engineering, working with the Design 
or Product Engineer, monitors the new device 
design or process through all stages of devel- 
opment and remains the full and final authority 
over the qualification status of all products. A 
facility will never ship a product to the customer 
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Figure 3. Normalized Time-Temperature 
Regressions for Various Activation 
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until it has been fully documented, released to 
manufacturing and formally approved by the 
Reliability Department. 


Raytheon has established several RA Qualifi- 
cation plans which are used to approve a new 
device, process or manufacturing facility. Two 
of these plans are shown in Tables 5 and 6 for 
hermetic package devices and plastic package 
devices. 


The Reliability Department continually monitors 
all product lines through product sampling, the 
Plastic Process Monitor and the QCI testing of 
JAN and other Hi-Rel products to evaluate 
failure modes and failure rates. The results 
from these tests are reviewed with Product and 
Production Engineering and any necessary 
corrective actions are taken. 
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Table I. Group A Electrical Tests for Class B Devices. 


Subgroups) 
Quality/Accept No. = 116/0 4) 


Subgroup 1 
Static tests at 25°C 


Subgroup 2 
Static tests at maximum rated operating temperature 


Subgroup 3 
Static tests at minimum rated operating temperature 


Subgroup 4 
Dynamic tests at 25°C 


Subgroup 5 
Dynamic tests at maximum rated operating temperature 


Subgroup 6 
Dynamic tests at minimum rated operating temperature 


Subgroup 7 
Functional tests at 25°C 


Subgroup 8A 
Functional tests at maximum rated operating temperatures 


Subgroup 8B 
Functional tests at minimum rated operating temperatures 


Subgroup 9 
Switching tests at 25°C 


Subgroup 10 
Switching tests at maximum rated operating temperature 


Subgroup 11 
Switching tests at minimum rated operating temperature 


(1) The specific parameters to be included for tests in each subgroup shall be as specified in the applicable acquisition docu- 
ment. Where no parameters have been identified in a particular subgroup or test within a subgroup, no group A testing is 
required for that subgroup or test to satisfy group A requirements. 


(2) The applicable tests required for group A testing (see 1/) may be conducted individually or combined into sets of tests, 
subgroups (as defined in Table I.), or sets of subgroups. 


(3) The sample plan (quantity and accept number) for each test shall be 116/0. 


(4) If any device in the sample fails any parameter in the test, subgroup, or set of tests/subgroups being sampled, each and 
every additional device in the (sub)lot represented by the sample shall be tested on the same test set-up for all parameters in 
that test, subgroup, or set of tests/subgroups for which the sample was selected, and all failed devices shall be removed from 
the (sub)lot for final acceptance of that test, subgroup, or set of tests/subgroups, as applicable. 
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Table 2 Group B Tests for Class B ((#) 


Mil-Std-883 Quantity/ 
Test (Accept No.) 
or LTPD 


Subgroup 2°) 
a. Resistance to solvents 


Subgroup 3 
a. Solderability) 


Subgroup 4 
a. Internal visual and 1 device 
mechanical (no failures) 


Subgroup 5 
a. Bond strength) 
1. Thermocompression 1. Test condition C or D 
2. Ultrasonic or wedge 2. Test condition C or D 
3. Flip-chip 3. Test condition F 
4. Beam Lead 4. Test condition H 


(1) Post burn-in electrical reject devices from the same inspection lot may be used for all subgroups when end-point measure- 
ments are not required. 


(2) Subgroups 1, 6, 7, and 8 have been deleted from this table. For convenience, the remaining subgroups will not be 
renumbered. 


(3) Resistance to solvents testing required only on devices using inks or paints as the marking or contrast medium. 

(4) All devices submitted for solderability test shall be in the lead finish that will be on the shipped product and which has 
been through the temperature/time exposure of burn-in except for devices which have been hot solder dipped or undergone 
tin fusing after burn-in. The LTPD for solderability test applies to the number of leads inspected except in no case shall less 
than 3 devices be used to provide the number of leads required. 

(5) Unless otherwise specified, the LTPD sample size for condition C or D is the number of bond pulls selected from a 
minimum n umber of 4 devices, and for condition F or H is the number of dice (not bonds) (see Method 2011). 


Table 3. Group C (Die-Related Tests — For Class B only) 


a Mil-Std-883 


Test condition to be specified 
(1,000 hours at 125°C) 

As specified in the applicable device 
specification 


Quantity/ 
(Accept No.) 
or LTPD 


Subgroup 1 
a. Steady-state life test 


b. End-point electrical 
parameters 
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Table 4. Group D (Package Related Tests) 


Test 


Subgroup 1 ") 


Subgroup 2“) 


a. Physical dimensions 


a. Lead integrity 
b. Seal ‘) 
1. Fine 
2. Gross 


Subgroup 3 °) 


a. Thermal shock 


b. Temperature cycling 
c. Moisture resistance °) 
d. Seal 

1. Fine 

2. Gross 
e. Visual examination 


f. End-point electrical 
parameters (°) 


Subgroup 4 (4) 
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a. Mechanical shock 

b. Vibration, variable 
frequency 

c. Constant acceleration 


d. Seal 
1. Fine 
2. Gross 
e. Visual examination 
f. End-point electrical 
parameters 


Subgroup 5 "") 


a. Salt atmosphere '°) 
b. Seal 

1. Fine 

2. Gross 
c. Visual examination 


Mil-Std-883 


Test condition B, (lead fatigue) 


As applicable 


Test condition B as a minimum, 
15 cycles minimum 
Test condition C, 100 cycles minimum 


As applicable 


In accordance with visual criteria of 
Method 1004 and 1010 

As specified in the applicable device 
specification 


Test condition B minimum 
Test condition A minimum 


Test condition E minimum (see 3), 
Y, orientation only 
As applicable 


As specified in the applicable device 
specification 


Test condition A minimum 
As applicable 


In accordance with visual criteria of 
Method 1009 


Quantity/ 
(Accept No.) 
or LTPD 
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Table 4. Group D (Package Related Tests) (Continued) 


Mil-Std-883 
Test 
Method Condition 


Subgroup 6 “") 
1018 5,000 ppm maximum water content 3(0) or 5(1) 
at 100°C (note 8) 
2024 9(0) 


a. Internal water-vapor 
(1) E!sctrical reject devices from that same inspection lot may be used for samples. 


Quantity/ 
(Accept No.) 
or LTPD 


content 


Subgroup 7 “) 
a. Adhesion of lead 
finish 691 


Subgroup 8 
a. Lid torque “) 


(2) For leadless chip carrier packaged only, use test condition D. For leaded chip carrier packages, use condition B1. For pin 
grid array and other rigid leads use Method 2038. 


(3) Seal test (subgroup 2b) need be performed only on packages having leads exiting through a glass seal. 

(4) Devices used in subgroup 3, “Thermal and Moisture Resistance” may be used in subgroup 4, “Mechanical”. 

(5) Lead bend stress initial conditioning is not required for leadless chip carrier packages. 

(6) End-point electrical parameters are performed after moisture resistance and prior to seal test. 

(7) Visual examination shall be in accordance with Method 1010 or 1011. 

(8) Test three devices; if one fails, test two additional devices with no failures. At the manufacturers option, if the initial test 
sample (i.e., 3 or 5 devices) fails a second complete sample may be tested at an alternate laboratory that has been issued 
suitability by the qualifying activity. If this sample passes the lot shall be accepted provided the devices and data from both 
submissions is submitted to the qualifying activity along with 5 additional devices from the same lot. 


(9) The adhesion of lead finish test shall not apply fo leadless chip carrier packages. 


(10) LTPD based on number of leads. 
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Table 5. Qual Plan for Hermetic Packages Devices “)(2)(°) 


Conditions Per Mil-Std-883 Quantity | Accept No. 


Group B 
Subgroup 3 
Solderability 
Subgroup 4 
Internal Visual 
Subgroup 5 
Bond Strength 
Subgroup 7 
F&G Leak 


Group C 
Subgroup 1 
Operational Life 
(168, 250, 500, 
1000, 2000) 
Electrical Test 
(25°C dc) 
(2 date codes, 
77 samples each) 
Subgroup 2 
Temperature Cycle 
Constant Acceleration 
Moisture Resistance 
F&G Leak 
Visual 
Electrical Test 25°C 


Group D 
Subgroup 2 
Lead Integrity 
F&G Leak 
Lid Torque 
Subgroup 4 
Mechanical Shock Condition B 
Vibration Condition A 
Constant Acceleration | Condition B Min. 
F&G Leak 
Visual Examination 
Electrical Test 25°C 


245 +5°C 


Condition C and record bond pull strength 


168-hour point will be used to screen out 
the infant mortality failure. The sample size 
after the 168-hour point will be 77. 


Condition B, 15 cycles 
Condition C, 100 cycles 
10 Day 


Condition B, 


(1) The above group B, C, D are run completely, if the product (package and die) has no history. 


(2) If the package is pre-qualified, then only Group C, Subgroups 1 and 2, and Group D, Subgroup 4 are conducted. 


(3) if the product is not JAN or 883 compliant, then 168-hour pre-burn in is not performed to screen out infant mortality prior to 
Group C test. 
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Table 6. Qualification Plan for Plastic Package Devices 


Sample | Accept 
Test Test Conditions Purpose of Test Size No. 
1 


Operating Temperature 125°C Accelerated Life 
Life Time 2000 hrs. 

Electrical Test at 168 hrs., 

500 hrs., 1000 hrs., 2000 hrs. 
Bias — per spec requirements 
NOTE: Samples from this test will continue for 2000 and 3000 hrs. evaluation. 


Steam Pressure 15 Ibs. Package integrity and 55 1 
Pressure Temperature 120°C moisture resistance 
Time 96 hrs. 


Electrical Test at 48 hrs., 
(no metal deterioration), | 


96 hrs., 144 hrs., 250 hrs.., | 


500 hrs. 

NOTE: Bake and retest electrical rejects for engineering evaluation and data. 
85°C/85% RH | Temperature 85°C Accelerated life corrosion 100 1 

Humidity 85% resistance 

Time 250 hrs. | 


(no metal deterioration) 
Electrical Test at 160 hrs., 
250 hrs., 500 hrs., 1000 hrs., 
2000 hrs. 

NOTE: Bake and retest electrical rejects for engineering evaluation and data. 


Storage Life | Temperature 150°C Determine the effect of high 32 0 
Time 144 hrs. temperature storage 
Bias — None 
Electrical Test at 144 hrs., 
500 hrs. 


Temperature -55°C to +85°C 
No. Cycles 100 
Electrical Test 25°C, 70°C 


Temperature -10°C to +65°C 
Humidify 90% RH 

Time 240 hrs. 

Electrical Test at 240 hrs. 
Visual Inspection of Leads 


Solderability | Per 883, Method 2003 
Lead Fatigue | Per 883, Method 2004 
Condition B 


External Visual 10-30X Magnification 


Determine the resistance to 
high and low temperatures 


Temperature 
Cycle 


Package integrity to moisture, 
lead corrosion, etc. 


Moisture 
(10 Day) 


of the lead finish 


To determine the physical 
resistance to lead bending 
fatigue 


To evaluate pnysical construc 
tion and processing results 
to package and lead frame 


*2 date codes of 50 each 
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Lab Facilities 


Raytheon maintains a fully equipped laboratory 

to conduct its reliability, failure analysis, and en- 

vironmental testing. The typical types of tests 

that are performed by this facility include: 

¢ QCI Groups A, B, C and D environment re 
quirements 

¢ Destructive Physical Aanalysis 

SEM Analysis 

¢ Microprobe Analysis 

X-ray Dispersion Analysis 

¢ Biased 85/85 and Steam Pressure Pot (PCT) 

Highly Accelerated Stress Testing (HAST) 

¢ Reliability Analysis 

Electrical DC and Functional Testing 


Plastic Package Device Monitor 


Raytheon is a major supplier of standard and 
ASIC products in plastic packages. The linear 
devices are available in a variety of plastic 
packages such as DIPs, SOICs, and LCCs. 
Significant investments have been made in 
both the technology and manufacture of high- 
reliability, low-stress plastic encapsulated 
packages. 


In addition to quality control check point inspec- 
tion at every assembly step, reliability process 
monitoring (see Table 7) is performed. 


The autoclave (steam pressure) test deter- 
mines the package’s moisture resistance in the 
shortest possible time, allowing immediate 
corrective action where necessary, thus ensur- 
ing the long-term reliability of the products. 


All products are100% electrically tested and 
visually screened followed by sample testing 
for electrical, visual and mechanical defects to 
determine the outgoing PPM defect rate. With 
a quality goal of 200 ppm or less, Raytheon’s 
devices have failure rates well below the 
industry standards. 


Table 7. Typical Plastic Process 


Autoclave 
(steam 
pressure) 


Biased 
85°C/85% 
RH 


Operating 
Life 


Resistance 
to Solvents 


Monitor Tests 
Purpose of Test 


To evaluate the resistance of 
moisture penetration of the pack- 
age and the effects of moisture on 
the chip under accelerated condi- 
tions of 15 pounds of steam pres- 
sure at 120°C. 


To evaluate the operational life and 
resistance to moisture penetration 
of the chip and the plastic package 
under the accelerated conditions 
of 85°C and 85% relative humidity. 


To evaluate the operational field 
life of the device under acceler- 
ated conditions of 125°C. 


To determine that the brand mark- 
ings will not become illegible on 
the package parts when subjected 
to the solvents and test per Mil- 
Std-883C, Method 2015. 


Solderability Per Method 2004 of Mil-Std-883. 


External 
Visual 


Lead 
Fatigue 


Thermal 
Shock 
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To determine the physical con- 
struction and processing results 
to the package and lead frame at 
30X magnification. 


To determine the physical 
resistance to lead bending fatigue 
per Condition B, Method 2004, 

of Mil-Std-883. 


To determine that the device can 
survive exposure to rapid changes 
in temperature from -55°C to 
+125°C per Condition B of 

Method 1011 of Mil-Std-883. 


Assembly 


PCT Monitor 


100 °C Functional 


Plastic Process 
Monitor 


PPM QA Gate 
Electrical 
Visual/Mechanical 


re 


Figure 5. Linear Plastic Flow Chart 


Major Programs 


Raytheon is involved in major programs which 
require and support a high level of quality and 
reliability expertise in the design, manufacture 
and control of our products. 


The commercial programs address such mar- 
ket segments as computers and automotive. 


Raytheon 
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These markets are a driving force within Ray- 
theon’s commercial product quality and reliabil- 
ity controls. 


The most significant military program is JAN 
38510 which requires a Defense Electronics 
Supply Center (DESC) certification of our fabri- 
cation and manufacturing lines. The JAN 
military specifications and Mil-l-45208 form the 
foundation of our QA system, thereby benefit- 
ting all products — JAN, 883 compliant,Source 
Control Drawings (SCD), and commercial. 


Additional key military oriented programs 
include Raytheon’s 883 compliant, DESC 
Standard Military Drawings (SMD) and SCDs. 


An extensive statistical process control pro- 
gram has been initiated which includes wafer 
fabrication processing, quality assurance 
monitors, assembly monitors, environmental 
screening and electrical testing. 


Internal Audit Program 


Raytheon has an internal audit program which 
requires the auditing of all product processing 
and control systems. This audit verifies confor- 
mance to manufacturing and quality procedures 
identifying areas needing improvement and 
enhancement. 


Process Monitors 


Extensive process monitors in fab, assembly 
and electrical test are a critical part of Ray- 
theon’s quality program. 


Product Improvement Program 
(PPM) 

The product improvement committee oversees 
and documents status of the Product Improve- 


ment Program. 


Raytheon’s acceptance goal is zero defects. In 
order to meet this goal, the product improve- 
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ment program evaluates visual, mechanical 
and electrical properties, and takes the neces- 
Sary corrective action to reduce the defect 
density of the outgoing product. 


Reliability Monitor 


The Reliability Monitor Program monitors, on a 
continuing basis, the reliability of all IC prod- 
ucts in hermetic and plastic packages. (For 
plastic package reliability monitor refer to Table 
7.) This program requires that periodically 
several different part types from each microcir- 
cuit technology group as detailed in Appendix E 
of Mil-M-38510 be evaluated to the Mil-Std-883 
Test Method 5005 Groups A, B, C and D test 
requirements. The data generated from this 
program provides a basic library of reliability 
information on many product types and can be 
used to provide Quality Conformance Inspec- 
tion (QCI) data to meet a customers specific 
group test data requirements. 


Military Programs 
JAN-MIL-M-38510 


Raytheon’s foremost commitment is to the JAN 
MIL-M-38510 program which is administered 
by the Defense Electronics Supply Center 
(DESC) and the Defense Logistics Agency 
(DLA) of the Department of Defense. We 
maintain DESC certified wafer fabrication, 
assembly and test facilities which allow us to 
provide an extensive number of JAN QPL 
device types. 


The JAN 38510 program is designed to provide 
a consistently high reliability hermetic product 
manufactured to a standard process flow and 
quality/reliability program as defined in Mil-M- 
38510, Mil-Std-976 and Mil-Std-883 and the 
resulting baselines. 


A JAN device is identified and branded with a 
unique part number as shown in Figure 7 and 
Table 8. The device is also branded with our 
manufacturers designating symbol (CRP or 


RP), logo (RAY or R), the sealing cycle date 
code, country of origin, a two-digit fab quarter 
code (indicating year and quarter in which die 
fabrication was completed) and the applicable 
electrostatic discharge sensitivity identifier. 


A current listing of Raytheon’s JAN 38510 QPL 
devices may be obtained by contacting the 
nearest Raytheon Field Sales Office. 


883 Compliant 


The 883 compliant program offers hermetic 
products assembled and tested to the require- 
ments of paragraph 1.2.1 of Mil-Std-883 for 
class B devices. With Raytheon as the qualify- 
ing activity and off-shore assembly permissible 
these devices are as close as one can get to 
JAN 38510 reliability using a standard process 
flow (see Figure 6). 


Raytheon’s 883 compliant program is comple- 
mented by our active participation in DESC’s 
Standard Military Drawing (SMD) program. 


A current listing of our 883 compliant devices 
which includes those DESC SMDs for which 
Raytheon is an approved source of supply may 
be obtained by contacting the nearest Ray- 
theon Field Sale Office. 


Lead Finish 


Raytheon offers three lead finishes — solder 
dipped, gold and matte tin plate (non-JAN 
only). The preferred and recommended lead 
finish is solder which is tin plated prior to dip- 
ping. The gold finish is applied over nickel 
plate. 


Raytheon is offering a solder lead finish that will 
meet the solderability requirements of MIL-M- 
38510, WS6536E and DOD-STD-2000. Our 
customers must state in either their purchase 
order or SCD which solderability specification is 
applicable. 
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38510 883 


JAN Class B Class B JM38510/XXXXXYYY 
USA Built 
Asssembly ee The Lead Finish 
A = Solder Dipped") 
C = Gold Plate 
gerne X = Any lead finish above 
M2010 Cond B is acceptable) 


The Package Outline Letter/ 


STA Bake 
M1008 Cond C ce ge Number (see Table 9) 
24-Hrs + 150°C Per APP Device 
Serles i 
@ 25°C + PDA The Screening Level S, B 
Temp Cycle . 
M1010 Cond C The Device Number on the 
10 Cycles 
65°C to -150°C giclee tag Slash Sheet 
+125°C 
TT The Slash Sheet Number 
Acceleration 
M2001 Y Axis Only Fine Leak 
Per Pkg Reg M1014A or B H or/ _— 
Gross Leak / indicates no radiation 
M1014C 


hardness assurance. 


Letters M, D, R, andH 
designate levels of 
comiohad hardness 
Pre Burn-in 
Elec Parameters 


Per Device Spec | octsample | Mil-M-38510 


oi The JAN prefix (which may 
be applied only to a fully 
Figure 6. Screening for JAN and conformant device per 
883 Compliant Devices Sopales lie gh totaal 


3.6.7 of Mil-M-38510) 


(1) Preferred lead finish 

(2) Finish letter "X" will not be marked on the device or 
its packaging. It is for stating lead finishes A & C are 
considered interchangeable without preference. 


Figure 7. Mil-M-38510 Part Marking 
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Table 8. JAN Package Codes 


38510 
Outline 
Letter/ 
Number 


14-lead, 1/4 x 1/4 Cerpak 
14-lead, 3/16 x 1/4 Cerpak 
14-lead, 1/4 x 3/4 Cerdip 

14-lead, 1/4 x 3/8 Cerpak 
16-lead, 1/4 x 7/8 Cerdip 

16-lead, 1/4 x 7/8 Cerpak 

8-lead, TO-99 can 

10-lead, 1/4 x 1/4 Cerpak 
10-lead, TO-100 can 

24-lead, 1/2 x 1-1/4 Cerdip 
24-lead, 3/8 x 5/8 Flatpak 
24-lead, 1/4 x 1-1/4 Cerdip 
12-lead, TO-101 can 

8-lead, 1/4 x 3/8 Cerdip 

40-lead, 2 x 5/8 DIP 

20-lead, 1/4 x 1-1/16 Sidebraze DIP 
20-lead, 1/4 x 1/2 Cerpak 
18-lead, 1/4 x 5/16 Cerdip 
22-lead, 3/8 x 5/16 DIP 
20-terminal, 3/8 x 3/8 Chip carrier 
28-terminal, 1/2 x 1/2 Chip carrier 


A 
B 
C 
D* 
E 
Be 
G 
H 
| 
J 
K 
L 
M* 
p 
Q 
R 


on=<on 


*Consult your nearest Field Sales Office 
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OPERATIONAL AMPLIFIERS 


DEFINITIONS 


Average Input Bias Current Drift (TCs) 

The ratio of change in input bias current to a 
change in ambient temperature, expressed in 
nanoamps per degree C (nA/°C). 


TC - /B@ Ti) - '3 @ Ta) 
- T 1) ~ Ta) 


Where 1T(1) and T(2) are the upper and lower 
limits of the specified temperature range. 


Average Input Offset Current Drift (TCios) 

The ratio of change in input offset current to a 
change in ambient temperature, expressed in 
nanoamps per degree C (nA/°C). 


| T(1) - | T 
fGieck (2 @ tt : 0s @ T(2) 
(1) ~ * (2) 
Where T (4) and Tg) are the upper and lower 
limits of the specified temperature range. 


Average Input Offset Voltage Drift (TCyos) 

The ratio of change in input offset voltage to 
a change in ambient temperature, expressed in 
microvolts per degree C (uV/°C). 


_ Vos @ T(1) - Vos @ Ta) 
melee T1) — T(2) 


Where T(1) and Tz) are the upper and lower 
limits of the specified temperature range. 


Channel Separation 

The ratio of output voltage of an amplifier to 
the output voltage of an adjacent amplifier wnose 
gain is 100, and whose inputs are grounded, 
expressed in decibels (dB). Channel separation 
is measured at the outputs of adjacent amplifiers: 


Channel Separation = 20LOG49 (Soin) 
Vov2) 
Where Vov1) and Vov2) are the independent and 
dependent amplifier output voltages. 


Common Mode Rejection Ratio (CMRR) 
The ratio of change of input common mode 
voltage (both inputs swing together over a 
specified voltage range) to a change in input 
offset voltage, expressed in decibels (dB). 


Vin(1) — Vinca) ) 
CMRR = 20LOG 
~ G2 @ Vinc1) - Vos @ Vini2) 


Where Vin1) and Vinca) are the upper and lower 
limits of the input common mode voltage range. 


Distortion (THD) 

The large signal harmonic distortion between 
input and output under closed loop conditions, 
expressed in percent at a specified frequency. 


Gain Bandwidth Product (GBW) 
The frequency at which the open loop gain 
equals unity, expressed in Hertz (Hz). 
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DEFINITIONS (Continued) 


Input Bias Current (Ip) 

The average of the two input currents with the 
output voltage at the center of its swing with 
no load, expressed in nanoamps (nA). 


Input Noise Current 

The peak-to-peak noise current within a specified 
frequency band, expressed in nanoamps or pico- 
amps (nA or pA). 


Input Noise Current Density (Ij) 

The rms noise current in a 1 Hertz band centered 
on a specified frequency, expressed in picoamps 
per root Hertz (pA/\/Hz). 


Input Noise Voltage 

The peak-to-peak noise voltage within a specified 
frequency band, expressed in nanovolts or micro- 
volts (nV or nV). 


Input Noise Voltage Density (e,) 

The rms noise voltage in a 1 Hertz band centered 
on a specified frequency, expressed in nanovolts 
per root Hertz (nV/\/Hz). 


Input Offset Current (Ios) 

The difference between the two input currents 
with the output voltage at the center of its swing 
with no load, expressed in nanoamps (nA). 


Input Offset Voltage (Vos) 

The voltage that must be applied between the 
two inputs to obtain an output voltage in the 
center of the output swing range, expressed 
in millivolts or microvolts (mV or pV). 


Input Resistance (Common Mode) 

The ratio of input voltage change to the resulting 
change in input bias current, expressed in mega- 
ohms or gigaohms (M0 or GQ). 


V1) - Via 
lp @ V1) - Ip @ Via) 


Where V1) and V2) are the upper and lower 
limits of the input voltage range. 


Common mode Ry = 


Input Resistance (Differential Mode) 

The ratio of small signal change in input offset 
voltage to a change in input current at either 
input terminal with the other grounded, expressed 
in megaohms (MQ). 


Input Voltage Range 

The range of voltages at the inputs over which 
the amplifier operates within its common mode 
rejection ratio specification, expressed in volts (V). 


Large Signal Voltage Gain (Ay) 

The ratio of a specified output voltage change 
to the change in input offset voltage required 
to effect the change under open loop conditions, 
expressed in volts per millivolt (V/mV). 


ve Vo1) — Vora) 
Vosv1) - Vos(2) 


Where Vov1) and Vqi2) are the specified upper 
and lower voltage limits for the change at the 
output. 


Long Term Input Offset Voltage Stability 

The averaged trend line of Vos vs. time over 
extended periods after the first 30 days of oper- 
ation, expressed in microvolts per month (uV/Mo). 


Offset Adjustment Range 

The change in Vos that can be produced using 
the specified external offset adjustment circuit, 
expressed in millivolts (mV). 


Open Loop Output Resistance (Ro) 

The resistance seen looking into the output with 
the output at the center of its swing, under 
small signal conditions, expressed in ohms (()). 


Output Sink Current 

The current flowing into the output for a specified 
set of input and output conditions, measured in 
milliamps (mA). 
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DEFINITIONS (Continued) 


Output Source Current 

The current flowing out of the output for a 
specified set of input and output conditions, 
measured in milliamps (mA). 


Output Voltage Swing 
The peak output change, referred to ground, 
that can be obtained for a specified load resistance, 
expressed in volts (V). 


Overshoot 

The positive or negative going excursion that 
exceeds the final settled condition at the output 
of a closed loop unity gain amplifier, expressed 
as a percentage of the output step. 


Phase Margin 

The difference between the amplifier phase shift 
and 180° at the frequency where the open loop 
gain equals unity, expressed in degrees. 


Phase margin = 180° - @ 


Where @ equals the input-output phase shift 
at Ay = 1. 


Power Bandwidth 

The maximum frequency at which a specified 
peak voltage sine wave may be obtained, measured 
in Hertz (Hz). 


Power Consumption 

The DC power required to operate the amplifier 
with the output at the center of its swing and 
zero load current, expressed in milliwatts (mW). 


Power Supply Rejection Ratio (PSRR) 
The ratio of change of supply voltage to a change 
in input offset voltage, expressed in decibels (dB). 


Vs1) - Vsi2 ) 
PSRR = 20LOG — 
© Vos @ Vgi1) - Vos @ Vs) 

Where Vsi1) and Vsi2) are the upper and lower 
limits of the specified change of supply voltage. 


Rise Time 

The time required for an output voltage step 
to change from 10% to 90% of its final value, 
expressed in nanoseconds (nS). 


Short Circuit Current 

The maximum output current available from the 
amplifier with the output shorted to ground, 
expressed in milliamps (mA). 


Slew Rate 

The average rate of change of output voltage 
under large signal overdriven conditions, ex- 
pressed in volts per microsecond (WS). 


Supply Current (Is) 

The current required from the power supply to 
operate the amplifier under quiescent no load 
conditions, expressed in milliamps (mA). 


Supply Voltage (Vs) 
The range of power supply voltages over which 
the amplifier will operate, expressed in volts (V). 


Unity Gain Bandwidth 

The frequency at which the small signal voltage 
gain is 3dB below unity when operated as a 
closed loop unity gain follower, expressed in 
Hertz (Hz). 
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RC4077 Series 
Precision 
Operational 
Amplifiers 


Features 

@ Ultra-low V,, — 10 nV max 

@ Ultra low V,, drift — 0.1 uV/°C max (B grade 
only) 

@ Outstanding gain linearity 

@ High gain — 5000 V/mV min 

@ High CMRR — 120 dB min 

@ High PSRR — 110 dB min 

@ Low noise — 0.3 pV, (0.1 to 10 Hz) 

@ Low input bias current — 2.0 nA max 

li Low power consumption — 50 mW max 

m@ Replaces OP-07, OP-77, 725, 108, 741 types 


Description 
The RC4077 is an advanced, ultra-high per- 


formance precision bipolar operational amplifier. 


RC4077 


Its high precision performance results from two 
innovative and unconventional manufacturing 
steps, plus careful circuit layout and design. 
Thin-film resistor technology and a novel 
method of digital offset nulling are the key 
steps. A low +10 pV offset voltage is delivered 
via a patented, proprietary V,,, nulling adjust- 
ment. Devices retain this low offset through the 
stability and accuracy of Si-Cr thin-film 
resistors.For applications needing the lowest 
input offset voltage drift with temperature (TC 
Vos): the “B” grade has a worst-case specifica- 
tion of just 0.1 pV/C. 


Designed to upgrade OP-07 and other low-|, 
bipolar precision types, the RC4077 has a well- 
balanced, mutually supporting set of input 
specifications. Low V,., low |,, and high open- 
loop gain combine to raise the performance 
level of many instrumentation, low-level signal 
conditioning, and data conversion applications. 
PSRR, CMRR, drift, and noise levels also 
support high precision operation. 


The RC4077 is available in LCC, SO-8 {small 
outline), TO-99 can, plastic mini-DIP and 
ceramic mini-DIP packages, and can be or- 
dered with Mil-Std-883 Level B processing. 
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Connection Information 


8-Lead 8-Lead Plastic 
TO-99 Metal Can Dual In-Line SO-8 
(Top View) (Top View) 


Dual In-Line Package 
(Top View) 


= 
5 


Function 


1 
2 
3 
4 
5 
6 
7 
8 


20-Pad LCC 
(Top View) 
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Ordering Information 


Operating 
Part Number Package; Temperature 
Range 


RC4077AN 0°C to +70°C 
RC4077EN 0°C to +70°C 
RC4077FN 0°C to +70°C 
RC4077EM 0°C to +70°C 


RC4077FM 0°C to +70°C 


RV4077ET -25°C to +85°C 
RV4077FT -25°C to +85°C 
RV4077ED -25°C to +85°C 
RV4077FD -25°C to +85°C 


RM4077AT 
RM4077AT/883B 


-55°C to +125°C 
-55°C to +125°C 


RM4077AD -55°C to +125°C 
RM4077AD/883B -55°C to +125°C 
RM4077AL/883B -55°C to +125°C 
RM4077BT -55°C to +125°C 
RM4077BT/883B -55°C to +125°C 
RM4077BD -55°C to +125°C 
RM4077BD/883B -55°C to +125°C 


RM4077BL/883B -55°C to +125°C 


PFOO0AArFOOAA| OOASH jeeezs 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

D = 8 lead ceramic DIP 

T = 8-lead metal can (TO-99) 

L = 20-pad leadless chip carrier 

M = 8-lead plastic SOIC 

Contact a Raytheon sales office or representative for 
ordering information on special packageftemperature 
range combinations. 
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RC4077 


Absolute Maximum Ratings 


Supply Voltage .............ccccsssssssseeseeceeseesneees +22V 
INBUT VONAGO” sncacisesccsiasccnednascastegneonsiapeionnece +22V 
Differential Input Voltage ....................cceceeees 30V 
Internal Power Dissipation” ................. 500 mW 
Output Short Circuit Duration .............. Indefinite 
Storage Temperature 

PANG scdivrcessunvevedseratecvassuceess -65°C to +150°C 
Operating Temperature Range 

PISO 7 7 Picsecacndnertoncernencens: -55°C to +125°C 

RV4077A,E,F (Hermetic) ........ -25°C to +85°C 

RC4077A,E,F (Plastic) .............. 0°C to +70°C 
Lead Soldering Temperature 

(SO-8, 10 SEC) ...... cc eeecsessssteeeeeeeesneeees +260°C 

(DIP, LCC, TO-99; 60 sec)... +300°C 


“For supply voltages less than +22V, the absolute maxi- 
mum input voltage is equal to the supply voltage. 
**Observe package thermal characteristics. 


Thermal Characteristics 


Mask Pattern 


Die Size: 75 x 78 mils 65-03218A 
Min Pad Dimensions: 4 x 4 mils 


8-Lead 
20-Pad 
LCC DIP 

Max. Junction Temp. 175°C 175°C 175°C 125°C 125°C 
Max. P, T, <50°C 925 mW 833 mW 658 mW 300 mW 468 mW 
Therm. Res @,, 37°C/W 45°C/W 50°C/W a ae 
Therm. Res. 8,, 105°C/W 150°C/W 190°C/W | 240°C | 160°C 
For T, >50°C Derate at |7.0mW/C | 8.33 mW/C | 5.26 mW/C | 4.17 mW/C | 6.25 mW/C 


Ceramic 


8-Lead 8-Lead 8-Lead 
TO-99 Small Plastic 
Metal Can Outline DIP 


240°C/W 160°C/W 
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Electrical Characteristics (V, = +15V and T, = +25°C unless otherwise noted) 


4077A/B/E | 4077F 
Parameters Test Conditions 


Min Typ Max Min Typ Max 


RC/RM4077A 4.0 10 
Input Offset Voltage* RM4077B 7.0 15 V 
15 25 


pV/Mo 


Long Term V_, Stability’ 


Input Noise Voltage® 


Input Noise Voltage Density® 


Input Noise Current Density® 


Input Resistance (Diff Mode)? a 
Input Resistance (Com. Mode) | | 200 


: = 
3 = 


ie 


< no) 
= Ow > 


Large Signal Voltage Gain 2000 8000 


413 413.5 #13 413.5 
H125 413 H25 413 
412 412.5 412 412.5 
a co cc 
Ayu = 41.0 


Power Consumption V, = t15V, R, = | 8550 CY 

Notes: 

1. Long Term Input Offset Voltage Stability refers to the averaged trend line of V.,, vs. Time over extended periods after the 
first 30 days of operation. Excluding the initial hour of operation, changes in V,,, during the first 30 operating days are 
typically 2.5 pV. 

2. Guaranteed by design. 

3. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after applica- 

tion of power. The RC/RM4077A/RM4077B grades are tested fully warmed up. 


4. The input protection diodes do not allow the device to be removed or inserted into the circuit without first removing power. 
5. Sample tested. 


Output Voltage Swing 


ViuS 


ed 
bh 
o 
os 
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Electrical Characteristics \v, = +15v, -25°C < T, < +85°C for hermetic packages, 0°C < T, < +70°C for plastic 
packages unless otherwise noted) 


RC4077A 
RC4077EN,EM 
RC4077FN,FM 
RV4077ET,ED 
RV4077FT,FD 


Average Input Offset RC4077A/E pV/°C 
Voltage Drift' 


Average Input Offset 
Current Drift’? 


Average Input Bias Current 
Drift? 


13 
Common Mode Rejection Ratio | V,,,=+10V 120 1 | 410 -12000—Cs| BC 
Power Supply Rejection Ratio V, = +3.0V to +18V 110 115 106 115 | dB 


1000 4000 
Maximum Output Voltage Swing +12 +13 
Power Consumption R, =< 40 60 40 60 | mW 

Notes: 


1. 100% tested for Grade A/E, sample tested for Grade F. 
2. Sample tested. 


Input Offset Voltage 


30 
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Electrical Characteristics (V, = +15V, -55°C < T, < +125°C unless otherwise noted) 


RM4077A/B 
Parameters Test Conditions | Min | Typ Max 
Input Offset Voltage RM4077A pV 
RM4077B 
Average Input Offset RM4077A pV°C 
Voltage Drift' RM4077B 


Input Offset Current 


Average Input Offset 
Current Drift? 


V. = +4.0V to +16.5V 
R, >2kQ, V, =+10V 


Power Consumption 


Notes: 
1. 100% tested for Grade A/E/B, sample tested for Grade F. 
2. Sample tested. 
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Offset Voltage Adjustment RC4077 series units may be inserted directly 
into OP-07, OP-05, 725, 108A or 101A sockets 
The input offset voltage of the RC4077, and its with or without removal of external frequency 
drift with temperature, are permanently trimmed compensation or nulling components. The 
at wafer test to a low level. However, if further RC4077 can also be used in 741 applications 
adjustment of V,, is necessary, nulling with a provided that the nulling circuitry is removed. 
10K or 20K potentiometer will not degrade drift 
with temperature. Trimming to a value other than The voltage follower is an ideal example illus- 
zero creates a drift of (V,,/300) nV/C, e.g., if trating the overall excellence of the RC4077. 
Vg is adjusted to 300 pV, the change in drift wil The contributing error terms are due to Offset 
be 1 V/C. The adjustment range with a 10K or voltage, input bias current, voltage gain, com- 
20K potentiometer is approximately 4.0 mV. If mon-mode and power-supply rejections. Worst- 
less adjustment range is needed, the sensitivity case summation of guaranteed specifications is 
and resolution of the nulling can be improved by tabulated below. 


using a smaller pot in conjunction with fixed 
resistors. The example on the next page has an 
approximate null range of +100 pV. 


+12 to +18V 
® 


Unless proper care is exercised, thermocouple 
effects caused by temperature gradients across Rs 
dissimilar metals at the contacts to the input 0 to 10 kQ 
terminals, can exceed the inherent drift of the 


() Output 
-10 to +10V 


Input 


amplifier. Air currents over device leads should -10 to +10V 

be minimized, package leads should be short, “12 to -18V aes 
and the two input leads should be as close 

together as possible and maintained at the same Large Signal Voltage Follower With 
temperature. 0.00063% Worst-Case Accuracy Error 
Output Accuracy 


RM4077A RV4077F RM4077A RV4077F 
25°C Max 25°C Max -55 to +125°C Max | -25 to +85°C Max 


Offset Voltage 

Bias Current 

CMRR 

PSRR 

Voltage Gain 

Worst Case Sum 

Percent of Full Scale .00035% .00073% .00063% .0013% 
(= 20V) 


RC4077 Operational Amplifiers 


Vin 


aE 
ize 


65-03817 


Vout 


RC4077 Open-Loop Gain Linearity Typical Precision Op Amp Gain Linearity 


R1 
50K* 


= Vo = 1000 Vos 


* Resistors must have low 
thermoelectric potential 65-03621 


Test Circuit for Offset Voltage and 


Improved Sensitivity Adjustment 
Its Drift With Temperature P ty Adj 


510Q 0.1 pF 


x1 
Rin = 1 MQ 
47 IN 
— * 2.2 UF 
o Under Test = | ine 


0.1 pF 
The device under test should be warmed up 


for 3 mins and shielded from air currents. ce 65-03823 


0.1 Hz to 10 Hz Noise Test Circuit (peak-to-peak noise measured in 10 -sec intervals) 
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Schematic Diagram 
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RC4207 
Precision 
Monolithic 
Dual 
Operational 
Amplifier 


Features 


Low noise 0.1 Hz to 10 Hz — 0.35 uVp-p 
Ultra-low Vos — 75 uwV max 

Ultra-low Vos drift — 1.3 uV/°C max 

Long term stability — 0.2 uV/Mo 

Dual precision in 8-pin format 

Fits 4558, 1558 sockets 

Industry standard pinout 

Low input and offset current — +5 nA max 
High gain — 400 V/mV min 


Description 


Designed for low level signal conditioning and 
instrumentation applications, the 4207 is a pre- 
cision dual amplifier combining excellent dc input 
specifications with low input noise characteristics. 
Ultra low offset voltage, low drift, high CMRR, 
and low input bias currents serve to reduce input 
related errors to less than 0.01% in a typical high 
gain instrumentation amplifier system (Av = 1000). 
The 4207 contains two separate amplifiers with a 
high degree of isolation between them; each is 
complete, requiring no external compensation 
capacitors or offset nulling potentiometers. The 
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inherent Vos is typically less than 150 pV, resulting 
in superior temperature drift, and this low initial 
offset is further reduced by “Zener-zap” nulling 
when the wafers are tested. 


Advanced thin film and nitride dielectric process- 
ing allows the 4207 to achieve its high perfor- 
mance and smail size (the 4207 is offered in 
8-lead DIPs). The 4207 fits the industry standard 
8-lead op amp pin-out. 


Connection Information 


8-Lead 
Dual In-Line Package 
(Top View) 


65-01782A 


y 
= 


Function 

Output A 

Input A Inverting 
Input A Non-Inverting 
-Vs 

Input B Non-Inverting 
Input B Inverting 
Output B 

+Vs5 


ONOoaRWND 
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Ordering Information Thermal Characteristics 
Operating 8-Lead 8-Lead 
Part Number Package Temperature Ceramic Plastic 
DIP DIP 


RC4207FN 0°C to +70°C 


Max. Junction Temp. 175°C 
RC4207GN 0°C to +70°C 


a Max. Pp Ta < 50°C 833 mW 468 mW 
RV4207FD -25°C to +85°C Therm. Res. @j¢ 45° C/W | | 
RV4207GD -25°C to +85°C 


RM4207BD 


-55°C to +125°C 
RM4207BD/883B* Mask Pattern 


-55°C to +125°C 


*Mil-Std-883, Level B processing 

D = 8-lead ceramic DIP 

N = 8-lead plastic DIP 

Contact your sales representative for other package/ 
temperature range combinations. 


Absolute Maximum Ratings 8 
SUDO VOM aiccessarsarsereeentietatenetternang +18V 
IQUE VONAGO™ srciscsncennscozcsssniventicquecennsacsmresin +18V 
Differential Input Voltage... eeeeeeeeeees 30V 
Internal Power Dissipation” ................. 500 mW 
Output Short Circuit Duration .............. Indefinite 
Storage Temperature 
PRO siciritpsscinteercxsauvtergeracnenese -65°C to +150°C Bee6ueh 
Operating Temperature Range 
F207 cite nance -55°C to +125°C 
RC4207 FIG .....sessscscessseeeseeseess 0°C to +70°C Die Size: 115 « 90 mils 
RVA2O7FIG ooescscsessessesseeseeeees -25°C to +85°C Min. Pad Dimensions: 4 4 mils 
Lead Soldering Temperature 
CGO SOC) easecorceaescrsetanetsnapcniontesansriatss +300°C 


*For supply voltages less than +18V, the absolute maxi- 
mum input voltage is equal to the supply voltage. 
**Observe package thermal characteristics. 
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Electrical Characteristics (Vs = +15V, -55°C < Ta < +125°C unless otherwise noted) 


Parameters Test Conditions 
Input Offset Voltage! 

Average Input Offset Voltage Drift? 

Input Offset Current 

Average Input Offset Current Drift 

Input Bias Current 

Average Input Bias Current Drift 

Input Voltage Range 

Common Mode Rejection Ratio 

Power Supply Rejection Ratio Vs=+40Vto+165v =| ot] 115 
Large Signal Voltage Gain 

Maximum Output Voltage Swing 


Power Consumption 


Notes: 1. Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds 
after application of power. 
2. This parameter is tested on a sample basis only. 


Electrical Characteristics (Vv, = +15V, -25°C to +85°C for hermetic packages, 0°C <T, < +70°C 
for plastic packages unless otherwise noted) 


Input Offset Voltage 


Average Input Offset 
Voltage Drift? 


Input Offset Current 


Average Input Offset 
Current Drift 


Input Bias Current 
Average Input Bias 
Current Drift 


Input Voltage Range 


Maximum Output Voltage 


Section 4 RC4207 


Electrical Characteristics (Vs = +15V and Ta, = +25°C unless otherwise noted 


) 
Parameters Test Conditions 4207B/F 42076 
Min | Typ | Max | Min | Typ | Max | 


0 

lonaTemVosSiabiiy’ | ——~S*=~—~sYCSC~<‘—it*YSC*dtSCS*d 

npuronsetcurent «it SSSS~S~«~ OP ||| HO] 
cos sf |e 


Input Bias Current 


= 
<= 


Input Noise Voltage Density fo = 100Hz 

fo = 1000Hz 
Input Noise Current 0.1Hz to 10Hz 

fo = 10Hz 
Input Noise Current Density fo = 100Hz 

fo = 1000Hz 


a eae — 
—h ww e 
7m | RS — fan) 


‘i - 
> $ |S 
oO N 


=k 
NO 


Se: 
a on a 
moeN 


Input Resistance (Diff. Mode) 


aE 

[Common Mode Rejection Ratio —_|Vow==1W | 100 | 126 | 

Large Signal Voltage Gain resign] ae fae] ya 
200 a 


Vo = +1.0V, RL = 1kQ,} 200 | 400 100 
Vs = +4.0V 


2 i 
—, 


ca) 
EB 
~ 


asian | 2es[aa] _[ees[ ae | 
aeun fan [ee] [an[ee] 


Power Consumption 


Crosstalk 


Notes: 1. Long Term Input Offset Voltage Stability refers to the averaged trend line of Vos vs. Time over extended periods 

after the first 30 days of operation. Excluding the initial hour of operation, changes in Vos during the first 30 

Operating days are typically 2.5yV. 

Guaranteed by design. 

Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds 

after application of power. 

4. The input protection diodes do not allow the device to be removed or inserted into the circuit without first 
removing power. 


wr 
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Typical Performance Characteristics 


Input Bias Current vs. Differential Input Voltage 


Non-Inverting Input Bias Current (mA) 


Input Offset Current (nA) 


Operational Amplifiers 


Offset Voltage vs. Temperature 


Absolute Value of Offset Voltage (uV) 


-50 0 


Temperature (°C) 


-120 


Inverting Input Bias Current (mA) 


-30 -20 -10 0 +10 +20 +30 
Differential Input Voltage (Volts) 


65-00368A 


Input Offset Current vs. Temperature 


Vs = +15V 


42078 ttt 
BNNESEE 


-50 0 +50 +100 


Temperature (°C) 


+50 


Input Bias Current (nA) 


CMRR (dB) 


65-00366A 


+100 


Input Bias Current vs. Temperature 


| | | | | | ff 
Po | 


65-00369A 


Temperature (°C) 


CMRR vs. Frequency 


Ih 


aM 0 hi 
0 EN A en 


1.0 


Frequency (Hz) 
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Typical Performance Characteristics (Continued) 


PSRR (dB) 


Open Loop Gain (dB) 


Maximum Undistorted Output vs. Frequency 


Output Voltage Peak-to-Peak (Volts) 
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0.1 1 10 


PSRR vs. Frequency 


= +25°C 
1 ee. 


UR EUOTU 
a a a a 
Hl aii 

CTT TIE I EI 


0.1 1.0 10 100 1K 10K 
Frequency (Hz) 


ee Open Loop Frequency Response 


” 
Pt +} +15V 


100 1K 10K 100K 1M 10M 
Frequency (Hz) 


= e16V 


a +25°C 


28 
COMI ETI vs 
TT TT 
CEN 
mai MH 
mai HT 
TIN 
a ll 
10 100 


Frequency (kHz) 


65-00376A 


5-00372A 


Open Loop Gain (V/mV) 


Open Loop Gain (dB) 


Output Swing (Volts) 


Open Loop Gain vs. Supply Voltage 
1000 


0 ee : 


0 +5 +10 +15 +20 
Power Supply Voltage (Volts) 


Closed Loop Response for 
Various Gain Configurations 


Vs = +15V 
Ta = +25°C 


Frequency (Hz) 


Output Voltage vs. Load Resistance 
20 

ve 60 Oe ll 
st vneromy IH | paste swings 


B 
Se 
Negative Swing 


Load Resistor to Ground (k1) 
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Typical Performance Characteristics (Continued) 


Power Consumption vs. Supply Voltage ulpet Short Circuit Current vs. Time 


Power Dissipation (mW) 
Output Short Circuit Current (mA} 


65-00378A 


Total Supply Voltage, +Vs to -Vs (Volts) Time from Output Being Shorted (Minutes) 


Typical Applications 


Adjustment-Free Precision Summing Amplifier 


R4 


10K 
R1 


= 65-00381A 


High Stability Thermocouple Amplifier Precision Absolute Value Circuit 
R1 R3 R3 R4 R5 
10K 10K 10K 
Sensing 
Junction 
VIN 
+10V 
Reference 
Junction Oto +10V 


65-00383A 


= 65-00382A 
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Schematic Diagram 
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RC4227 


RC4227 
Precision 
Monolithic Dual 
Operational 
Amplifier 


Features 
Very low noise 
Spectral noise density — 3.0 nV/VHz 
1/f noise corner frequency — 2.7 Hz 
@ Very low V,,, drift 
0.2 wV/Mo; 0.2 pV/°C 
@ High gain — 500 V/mV 
@ High output drive capability — +10V into 1K 
load 
@ High slew rate — 2.7 V/uS typ 
@ Wide gain bandwidth product — 8 MHz typ 
@ High common mode rejection ratio — 104 dB 
@ Low input offset voltage — 75 pV 
@ Low frequency noise — 0.08 pV, 0.1 Hz to 
10 Hz typ 
@ Low input offset current — 2.5 nA typ 
@ Standard dual 8-lead pinout 


Description 


The 4227, a dual version of the OP-27, is 
designed for instrumentation grade signal 
conditioning where low noise (both spectral 
density and burst), wide bandwidth, and high 
slew rate are required along with low input 
offset voltage, low input offset temperature 
coefficient, and low input bias currents. These 
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features are all available in a device which is 
internally compensated for excellent phase 
margin (70°) in a unity gain configuration. 
Digital nulling techniques performed at wafer 
sort make it feasible to guarantee temperature 
stable input offset voltages as low as 75 wV 
max. Input bias current cancellation techniques 
are used to obtain +55 nA max. input bias 
currents. 


In addition to providing superior performance 
for audio frequency range applications, the 
4227 design uniquely addresses the needs of 
the instrumentation designer. Power supply 
rejection and common mode rejection are both 
in excess of 120 dB. Aphase margin of 70° at 
unity gain guards against peaking (and ringing) 
in low gain feedback circuits. Stable operation 
can be obtained with capacitive loads up to 
2000 pF.' The drift performance is, in fact, so 
good that the system designer must be cau- 
tioned that stray thermoelectric voltages gener- 
ated by dissimilar metals at the contacts to the 
input terminals are enough to degrade its 
performance. For this reason it is also impor- 
tant to keep both input terminals at the same 
relative temperature. 


The performance of the 4227 is achieved 
through the usage of precision amplkifier 
design techniques coupled with a process that 
combines nitride transistors and capacitors 
with precision thin-film resistors. The die size 
savings of nitride capacitors and thin film 
resistors allow the 4227 to be offered in an 8- 
pin minidip package and fit the industry stan- 
dard dual op amp pinout. 


‘By decoupling the load capacitance with a series resistor 
of 50 or more, load capacitances larger than 2000 pF can 
be accommodated. 
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Connection Information Absolute Maximum Ratings 
Supply Voltage ................sesssesesecesessssseeeeens +18V 
8-Lead Input Voltage® ......ccscsscccssesssescecestsneseseseees +18V 
Dual In-Line Package Differential Input Voltage ...............cescseseee: 0.7V 
(POP View) Internal Power Dissipation” ................. 658 mw 
Output Short Circuit Duration .............. Indefinite 
Storage Temperature 
FANS wiiaeeaseeeeusneenienns -65°C to +150°C 
Operating Temperature Range 
PRM4227B.........c::ssccccececeesssees -55°C to +125°C 
FV 922 1 FIG vcinsusnauncinevuns excisions -25°C to +85°C 
PCA 227 FIG: saniscctsnnicestincicetnssiauens 0°C to +70°C 
Lead Soldering Temperature 
NOS ast cenesecsecaneceseuperedesenseseyccones +300°C 


65-01782A 


Pin Function 
1 OutputA 

Input A Inverting 
Input A Non-Inverting 
Vs 
Input B Non-Inverting 
Input B Inverting 
Output B 
+Vs 


Ordering Information 


Operating 
Part Number Package Temperature 


RC4227FN 
RC4227GN 


-25°C to +85°C 
-25°C to +85°C 


RV4227FD 
RV4227GD 


-55°C to +125°C 
-55°C to +125°C 


RM4227BD 
RM4227BD/883B* 


*Mil-Std-883, Level B processing 

D = 8-lead ceramic DIP 

N = 8-lead plastic DIP 

Contact your sales representative for other package/ 
temperature range combinations. 
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“For supply voltages less than +18V, the absolute maxi- 
mum input voltage is equal to the supply voltage. 
**Observe package thermal characteristics. 


Thermal Characteristics 


8-Lead 
Ceramic DIP | Plastic DIP 


Max. Junction Temp. To G 
Max. Pp Ta < 50°C 833 mW 
Therm. Res. jc 45° C/W 


Mask Pattern 


(iu 


3 


: 


all 
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65-02704A 


Die Size: 115 x 90 mils 
Min. Pad Dimensions: 4 < 4 mils 
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Electrical Characteristics (Vs = +15V and T, = +25°C unless otherwise noted) 


4227B/F 42276 
Parameters Test Conditions 
Input Offset Voltage? 


Voltage Stability’ 
0.1Hz to 10Hz 


fo = 10Hz 
fo = 30Hz 
fo = 1000Hz 
fo = 10Hz 
Input Noise Current Density | fp = 30Hz 
fo = 1000Hz 
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Input Voltage Range’ 
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Common Mode - 
Rejection Ratio Vem = 411V 


Power Supply - 
Rejection Ratio Vs = +4.0V to +16.5V 104 


Ri > 2.0kQ, Vo = +10V 
Re > 1.0k2, Vo = +10V 


Vo = +1.0V, Vg = +4.0V 
Ri > 1.0kQ 


. Ry = 2.0ka 
Output Voltage Swing 
Rp = 1k 


Slew Rate Ry = 2.0kQ 
Gain Bandwidth Product 


Open Loop Output - - 
Power Consumption Ri =« 
Crosstalk 


Notes: 1. Long Term Input Offset Voltage Stability refers to the average trend line of Vog vs. Time over extended periods 
after the first 30 days of operation. Excluding the initial hour of operation, changes in Vos during the first 30 
Operating days are typically 2.5 uV. 

. Guaranteed by design. 

. Input Offset Voltage measurements are performed by automated test equipment approximately .5 seconds 
after application of power. 

Caution: The input protection diodes do not allow the device to be removed or inserted into the circuit 
without first removing power. 
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Electrical Characteristics (Vs = +15V, -55°C < Ta < +125°C unless otherwise noted) 


<a. 
a 
Sa Ws 

— 

a0 


‘nputBiasGuren iY 
‘Common ade eestonfato (Ves ——«;Stoo |e | 

Power Supay Rejection Ratio _—_|Vs=aWtorisav | oo] 14 | | 8 
age Signa Votage Gan == 2040, Yo==iov | a5 | es | 


Notes: 1. Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds 
after application of power. 
2. This parameter is tested on a sample basis only. 


Electrical Characteristics (V, = +15V, -25°C to +85°C for hermetic packages, 0°C <T, < +70°C 
for plastic packages unless otherwise noted) 
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Parameters | Min | Tyo | Max | Min | Typ | Max 
Average Input Offset 

vogome Tm] oe 
Input Offset Current ee ee ee 0 


Power Supply Rejection 
Ratio 


Large Signal Voltage Gain Ry > 2.0KQ, Vo = +10V 350 700 
Output Voltage Swing Ry > 2.0kQ +11 | +13.5 
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Typical Performance Characteristics 


Gain (dB) 


Gain (dB) 


Operational Amplifiers 


0.1Hz to 10Hz Noise Test Circuit (1/2 Shown) 


0.1uF 


0.1Hz to 10Hz Peak-to-Peak Noise 
Tester Frequency Response 


9 I 
CCTM ELAINE UNA 
CUM EEE CLAIM NUT 
UI A TE TN 
A LN 


Test Time of 10 Sec Further 


Limits Low Frequency (< 0.1Hz) 


Frequency (Hz) 


Gain, Phase Shift vs. Frequency 
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1 10 10 


Frequency (MHz) 


180 


Phase Shift (degrees) 


200 


220 
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65-00006A 


Voltage Gain 


110K 55.000 


65-00003A 


Open Loop Gain vs. Frequency 
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Typical Performance Characteristics (Continued) 


Supply Current (mA) 


Short Circuit Current (mA} 


Peak-to-Peak Output Voltage (Volts) 
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Supply Current vs. Supply Voltage 
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Total Supply Voltage (Volts) 


Short Circuit Current vs. Time 
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Maximum Output Swing vs. Resistive Load 
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Load Resistance (k{)} 


Open Loop Voltage Gain vs. Supply Voltage 
25 


Open Loop Gain (V/V) 


Common Mode Range (Volts) 


Supply Voltage (Volts) 
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Typical Performance Characteristics (Continued) 


Hz} 


Voltage Noise (nV/ 


4227 Voltage Noise vs. Frequency 


10 


a 
5k NUT th = 425° 
ORs 


1/F Corner = 2.7Hz 


Ta 

Pt ges a 
SSC tot eee 
Vs = +15V 


Sa 


A Comparison of Op Amp 
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Schematic Diagram 
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RC4277 

Dual Precision 
Operational 
Amplifiers 


Features 

@ High dc precision 

@ Very low V., — 30 nV max 

@ Very low V_., drift — 0.3 pV/°C max 

@ High open-loop gain — 5M min 

@ High CMRR — 120 dB min 

@ High PSRR — 110 db min 

@ Low noise — 0.35 WV (0.1 to 10 Hz) 

@ Low bias current — 4.0 nA max 

l@ Low power consumption — 120 mW max 


Description 


The RC4277 provides the highest precision 
available in a dual bipolar operational amplifier. 
A monolithic dual version of the RC4077, the 
RC4277 is designed to replace OP-207, 
LT1002, OP-07 and OP-77 type amplifiers in 
applications requiring high PC board layout 
density. The RC4277 has a well-balanced, 
mutually supporting set of input specifications. 
Low V_,, low I, high open-loop gain, and 
excellent matching characteristics combine to 
raise the performance level of many instrumen- 
tation, low-level signal conditioning, and data 
conversion applications. PSRR, CMRR, V,., 


Operational Amplifiers 


drift, and noise levels also support high preci- 
sion operation. 


The high performance of the RC4277 results 
from two innovative and unconventional manu- 
facturing steps, plus careful circuit layout and 
design. The key steps are SiCr thin-film resis- 
tor deposition and post-package trimming of 
the input offset voltage characteristic. The low 
+30 pV max V,, specification is maintained in 
high-volume production by way of the post- 
package trim procedure, where internal resis- 
tors are trimmed through the device input leads 
at the final test operation. Devices retain this 
low offset through the stability and accuracy of 
the trimmed thin-film resistors. 


The RC4277 is available in 8-lead plastic and 
ceramic DIPs, and can be ordered with Mil- 
Std-883 Level B processing. 


Connection Information 


8-Lead 
Dual In-Line Package 


(Top View) 


vw 
2 


Function 


1 
2 
3 
4 
° 
6 
7 
8 
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Ordering Information 


Part Number 


Operating 
Temperature 
Range 


RC4277EN 0°C to +70°C 
RC4277FN 0°C to +70°C 
RV4277ED -25°C to +85°C 
RV4277FD -25°C to +85°C 
RM4277AD -55°C to +125°C 
RM4277AD/883B -55°C to +125°C 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

D = 8 lead ceramic DIP 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 


Absolute Maximum Ratings 


SUDDIY VONAGG sisicsjcnciasnacenressasonntiaennsneeeesass +18V 
IFIDUE VONAGO” snsinunsiananncccnmssanecdoveanrssinrsanaatat +18V 
Differential Input Voltage..............eeeeseeeeeees 30V 
Internal Power Dissipation™ ................. 500 mW 
Output Short Circuit Duration .............. Indefinite 
Storage Temperature 

FANGS ciceneveesiepxancttidevennesonstns -65°C to +150°C 
Operating Temperature Range 

PIRES wiscavitvescasteynateteiaees -55°C to +125°C 

VATE weseccsteescosencensianmccieranet -25°C to +85°C 

Bera eer ne ee ee 0°C to +70°C 
Lead Soldering Temperature 

(OO SOG | ahi cxstinsassatnasarsivened aiwavaens obsess +300°C 


*For supply voltages less than +18V, the absolute maxi- 
mum input voltage is equal to the supply voltage. 
**Observe maximum power dissipation vs. ambient 
temperature in the table of Thermal Characteristics. 


RC4277 


Thermal Characteristics 


Max. Junction Temp 


Trem ese, | «sow | — 
: OA 
us 


Therm. Res. 6 150°C/W 160°C/W 
For T, >50°C Derate at | 8.33 mW/°C | 6.25 mW/°C 


Mask Pattern 


Die Size: mils 
Min Pad Dimensions: 4 x 4 mils 
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Electrical Characteristics (V, = +15V and T, = +25°C unless otherwise noted) 


RC4277A/E RC4277F 
Parameters Test Conditions Min Typ Max 


input Ofset Vonage? |] 

[tong Term Vp Stabity’ [| 

input Onset Current | | O 

Input Bias Current aaa +0. +5.0 

FInputNoise Votage = Ot HztotOHe | OSS 
[Fo=10Hz 
Fostgone, | 


ol 
< 


F. =10Hz 


03 


Input Noise Voltage Density nV/VHz 


F,. = 1000 Hz 


Input Noise Current Density nV/VHz 
- 
Cc 
Ss 


id 


Common Mode Rejection Ratid V... = +11V 1200 1320 
Power Supply Rejection Ratio | V. = +4V to +16.5V 


1 

13 
2500 5000 

1 


0 
Large Signal Voltage Gain R, 22kQ,V,=+10V |; 5000 7000 
412.5 +13 


+11 +1 


Min 

11 
120 
12 


+ 
V/mV 
= 


M 
: 


V/iuS 


Cased Loop Bandwidth [Ag=et0 |S 


Open Loop Output Resistance | V, = 0,1, =0 
Power Consumption V, = 15V, R, ) 140 165 14 


Notes: 

1. Long Term Input Offset Voltage Stability refers to the averaged trend line of V., vs. Time over extended periods after the 
first 30 days of operation. Excluding the initial hour of operation, changes in V,,, during the first 30 operating days are 
typically 2.5 p. 

2. Guaranteed by design. 

3. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after applica 
tion of power. 

4. The input protection diodes do not allow the device to be removed or inserted into the circuit without first removing power. 


5 
4 
2 
0 
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Electrical Characteristics (Vv, = +15V, -55°C < T, < +125°C unless otherwise noted) 


a 
Average Input OsetVotage Da? | 
‘input Ofset Curent 
Average Input Ofset Curent bat | 
Se 
anna 


, 
a a 
a 


Notes: 

1. Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after applica 
tion of power. 

2. This parameter is tested on a sample basis only. 


Electrical Characteristics (Vv, = +15V, -25°C to +85°C for hermetic packages, 0°C <T, < 
+70°C for plastic packages unless otherwise noted) 


4277E 
Parameters Test Conditions ae Max | Min ve Max 
Input Offset Voltage 0°C <T, <+70°C 120 ons 
25°C <T, < +85°C 135 wV 
Average Input Offset 0.3 1.0 | pVv/C 
Voltage Drift? 


Input Bias Current 415 $5.0 [ae sso] 
Input Vottage Range 


Common Mode Rejection = +10V 
Ratio 


epee fe 
Power Supply Rejection = +4V to +16.5V 
Ratio 
Large Signal Voltage Gain | R,>2kQ,V,=+10V |3000 5000 1500 4000 
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Typical Applications 


R4 
Ri 10K 
Sensing 
Junction 
Reference 
Junction C 


High Stability Thermocouple Amplifier 


Adjustment-Free Precision 
Summary Amplifier 


R3 R4 R5 
10K 10K 10K 


O Vour 
OV to +10V 


10K 


Precision Absolute Value Circuit 


65-4233 
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Schematic Diagram 
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LM108A/LH2108A 
Precision 
Operational 
Amplifiers 


Features 


® Low input bias current — 2nA 

@ Low input offset current — 200pA 
®@ Low input offset voltage — 500uV 
@ Low input offset drift — 5uV/°C 

@ Wide supply range — +3V to +20V 
@ Low supply current — 0.6mA 


Connection Information (Top Views) 


8-Lead DIP 16-Lead DIP 


Operational Amplifiers 


@ High PSRR — 96dB 
@ High CMRR — 96dB 
@ Mil-Std-883B available 


Description 


These operational amplifiers feature low input 
bias current combined with the advantages of 
bipolar transistor construction; input offset 
voltages and currents are kept low over a wide 
range of temperature and supply voltage. 
Raytheon’s superbeta bipolar manufacturing 
process includes extra treatment at epitaxial 
growth to ensure low input voltage noise. 


The LH2108 consists of two LM108 ICs in one 
16-lead DIP. The “A’ versions meet tighter elec- 
trical specifications than the plain versions. All 
types are available with 883B military screening. 


20-Pad LCC 
3.2 1 20 19 


TO-99 Can 


9 10 11 12 13 


65-00363A 65-02657A 


65-02658A 


Pin Function Pin Function Pin Function 
1 Comp 1 -+V, (A) 9 +V, (B) 
2 -Input 2 Comp(A) 10 Comp (B) 
3 +lInput 3 Comp(A) 11 Comp (B) 
4 WV, 4  -Input(A) 12 — -Input (B) 
5 NC 5 +lInput(A) 13  +Input (B) 
6 Output 6 -V, 14 NC 
7 = 4N, 7 NC 15 NC 
8 Comp 8 Output(B) 16 Output (A) 


Pin Function Pin Function Pin Function 
1 Comp 1 NC 11. NC 
2 -Input 2 Comp 12 NC 
3 = +Input 3 NC 13. NC 
4 -V, 4 NC 14 NC 
5 NC 5 — -Input 15 Output 
6 Output 6 NC 16 NC 
7 +Ve 7 ~~ -+Input 17 +N, 
8 Comp 8 NC 18 NC 
9 NC 19 NC 
10 -V, 20 Comp 


Raytheon 


4-35 


Section 4 


Ordering Information 


Operating 
Temperature 
Range 


-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


Part Number 


Package 


LM108L 
LM108AL 
LM108D 
LM108AD 
LM108T 
LM108AT 
LH2108D 
LH2108AD/883B 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
D = 16 lead ceramic DIP (LH2108) 

D = 8-lead ceramic DIP (LM108) 

T = 8-lead metal can TO-99 

L = 20-pad leadless chip carrier 

Contact a Raytheon sales office or representative for 
ordering information on special packageAemperature 
range combinations. 


Absolute Maximum Ratings 


UUOATROOrr 


SUDO VOMAGC ecdisscctvevixecesinesencccemvriesewienaes +20V 
Differential Input Current” ..................... +10 mA 
INUIT VO e  sccssetnacaexectevancencommssectieesends £TOSV 
OUIDUt SHON CICUIE sicicisssescanrcnvexands Continuous 
Operating Temperature 

PRG siescncce wasp rekteersdeccien st -55°C to +125°C 
Storage Temperature 

cs -65°C to +150°C 
Lead Soldering Temperature 

(BO SOG) ccaceuveers cate Gseauvetansstiavameiaes +300°C 


*The inputs are shunted with back-to-back diodes for 
overvoltage protection. Therefore, if a differential input 
voltage in excess of 1V is applied between the inputs, 
excessive current will flow, unless some limiting resis- 
tance is provided. 

**For supply voltages less than +15V, the absolute 
maximum input voltage is equal to the supply voltage. 


Thermal Characteristics 


Max. Junction Temp 


Max. P, T, <50°C 


“DUA : 

: JC 
Therm. Res. 8), 
For T, >50°C Derate at 


Ceramic Ceramic 
Metal Can DIP DIP 
$25 mi 

SCM 


5.26 mwW/°C 8.33 mW/°C 8.38 mW/°C 7.0 MW/°C 


LM108A/LH2108A 


Mask Pattern 


Comp +Vs 


65-02659A 


Die Size: 104 x 61 mils 
Min. Pad Dimensions: 4 x 4 mils 


20-Lead 
LCC 
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Electrical Characteristics (45V < V, < +20V and T, = +25°C unless otherwise noted 


LM108A/LH2108A LM108/LH2108 
Parameters Test Conditions 


Min Typ Max Min Tp Max 


Input Offset Current a 


Electrical Characteristics (+5V < Vv, < +20V; -55°C < T, < +125°C unless otherwise noted) 


2 
Supply Gurret EachAneifer [086 [OS O6 | m 
LM108A/LH2108A LM108/LH21 it 
Parameters annie Conditions Min Typ Max Min a a8 Units 
| Input Offset Voltage | Input Offset Voltage Voltage 0.4 1.0 


Average Input Offset Voltage Drift? ee 1.0 5.0 [30s wViPC 


Average Input Offset Current Drift? en pA’C 
Input Bias Current Se 


Large Signal Voltage Gain 


Large Signal Voltage Gain 


Output Voltage Swing 


Power Supply Rejection Ratio = +5V to +20V 
Supply Current ea Amplifier 


Notes: 1. Guaranteed by input bias current specification. 


2. Sample tested 
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Typical Applications 


The LM108 series has very low input offset and 
bias currents; the user is cautioned that printed 
circuit board leakages can produce significant 
errors, especially at high board temperatures. 
Careful attention to board layout and cleaning 


Offset Adjustment for Non-Inverting Amplifiers 


RS 


Range = +Vs (ir) 


i R5 
Gain =1+ (es 


65-02652A 


Offset Adjustment for Differential Amplifiers 
R2 


R6 


25K 
R2 = R3+R4 
. R5 R1 
10 Ra =+ NO) (Al 
-Vs nge = =Vs (ia) Cr + 3) 
= AZ 
= Gain = Ry 


Offset Adjustment for inverting Amplifiers 


R3 


O Output 


Range = +V 7) 
g s(& 


65-02650A 
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procedure is required to achieve the LM108As 
rated performance. It is suggested that board 
leakage be minimized by encircling the input 
pins with a guard ring maintained at a potential 
close to that of the inputs. The guard ring 
should be driven by a low impedance source 
such as an amplifiers output or ground. 


Standard Compensation Circuit 


R2 


RI 


-VIN 
e 


R1C, 
> RIFRD 


*Bandwidth and slew rate are C_ = Load Capacitance 


proportional to 1/Cr. 
65-02653A 


Alternate* Frequency Compensation 


o Output 


65-02655A 


“Improves rejection of power supply noise by a factor of 10. 
**Bandwidth and slew rate are proportional to 1/Cs. 


Feedforward Compensation 
C2 
5pF 


65-02651A 


Raytheon 


Operational Amplifiers 


LM108A/LH2108A 


Schematic Diagram 
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LT-1001 


LT-1001 Series 
Precision 
Operational 
Amplifiers 


Features 

@ Ultra-low V,, — 15 pV max 

@ Ultra-low V_., drift — 0.6 pV/'C max 
li Low input bias current — 2 nA max 

@ High CMRR — 114 dB min 

@ High PSRR — 110 dB min 

@ Low noise — 0.3 pV, (0.1 to 10 Hz) 
i Low power dissipation — 75 mW max 
— High gain linearity 

@ LCC, SO-8, DIP and can packages 


Description 


Designed for low level signal conditioning, 
instrumentation, and data conversion applica- 
tions, the LT-1001 is a precision amplifier 
combining excellent dc input specifications with 
low input voltage noise. Advanced circuit de- 
sign, wafer processing, and test methods all 
contribute to these well-balanced, mutually 
supporting input characteristics. 


The circuit design uses special low-noise 
transistor geometries and careful thermal layout 
to achieve exceptionally low noise and linear 


gain characteristics. A patented, proprietary 
test method which includes digital V,., nulling 
after packaging as well as at wafer test tight- 
ens the distribution of this parameter such that 
the highest grade, the LT-1001AM, is specified 
at +15 wV maximum. This low V,,, , along with 
extra-low power dissipation (which reduces 
warm-up drift), set the LT-1001 apart from 
similar precision op amp types. 


Ordering Information 


Operating 
Part Number Package | Temperature 
Range 


LT-1001ACN 0°C to +70°C 
LT-1001CN 0°C to +70°C 
LT-1001ACM 0°C to +70°C 
LT-1001CM 0°C to +70°C 


LT-1001MT -55°C to +125°C 
LT-1001AMT/883B -55°C to +125°C 
LT-1001MD -55°C to +125°C 


LT-1001AMD/883B 
LT-1001ML 
LT-1001AML/883B 


-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


-—-rer-ood 


Notes: 


/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

D = 8 lead ceramic DIP 

T = 8-lead metal can (TO-99) 

L = 20-pad leadless chip carrier 

M = 8-lead plastic SOIC 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 
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LT-1001 


Connection Information 


8-Lead 8-Lead 
TO-99 Metal Can Dual In-Line Package 
(Top View) 


(Top View) 


= 
5 


8-Lead Plastic 
Dual In-Line SO-8 
(Top View) 


Function 


ONOOA WN — 


20-Pad LCC 
(Top View) 


Function 


9101112 13 
65-02657A 


Thermal Characteristics 


Max. Junction Temp. 175°C 


Max. P,, T, <50°C 925 mW 
Therm. Res 6,, 37°C/W 
Therm. Res.6,, 105°C/W 
For T, >50°C Derate at} 7.0 mW/°C | 8.33 mW/C} 5.26mW/C | 4.17 mMW/C | 6.25 mW/C 


Operational Amplifiers 


Absolute Maximum Ratings 


Supply Voltage ............ccssssssecccceeesssssseeeeeees +22V 
UE VONAG 0 srcistaceccpeevecscacteesaratnaiyeneses +22V 
Differential Input Voltage .................. eeseeeeeees 30V 
Internal Power Dissipation™ ................. 500 mW 
Output Short Circuit Duration .............. Indefinite 
Storage Temperature 

FAG eatecertcccevsesssrgeosnnncenctey -65°C to +150°C 
Operating Temperature Range 

I SUT vacsiceesccscevessnctacsainssiaes -55°C to +125°C 

SUT sresneaecietentocnnsvesmnrnesowietgene 0°C to +70°C 
Lead Soldering Temperature 

(5-8) 10 SOC). seccccicseswsetesnaseceaasasenanacns +260°C 
Lead Soldering Temperature 

(DIP, LCC, TO-99; 60 sec).................. +300°C 


“For supply voltages less than +22V, the absolute maxi- 
mum input voltage is equal to the supply voltage. 
**Observe package thermal characteristics. 


Mask Pattern 


4 —-65-03218A 


Die Size: 75 x 78 mils 
Min. Pad Dimensions: 4 x 4 mils 


8-Lead 
Plastic 
DIP 
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Electrical Characteristics (Vs = +15V and Ta = +25°C unless otherwise noted) 


—_ est Concitions [min [ Typ | Max | Min | Typ | Max 


Input Offset Voltage’ eee | | 70 | 15 | 18 
LT-1001AC | | 10 


waesmne || a2 | v0 || 0 | 15 Lave 
input Onset Cure’ ——=Si«dtSSCS*~“~*‘“~*~*sSCS*d Os | || Ow | 8] mm 
FipuBias Curent ———=SSs«|SSSSS~*CS*d 2 | 2] | 0 | a0] om 
inputNose vorase” ——~=*dav Hew ioH® | | os] 06 | | 035] 06| wy 
fo=wre | pws} | | ws) we 
tows | | of | | | |] 
fo=wore | | e6| | | e6| n | VFR 
FinputNowe Curent’ _——ifarewiore | | | 0 | | «| 2] Php 
fo=wre | ome | oe | | om@| 08 
fo=wore | [ow | ozs | ox | 023] pa 
rox [ow |_| o| or | vi 


Input Noise Voltage Density? ° 


Input Noise Current Density® 


Input Resistance (Diff. Mode) 


20 


o/s 
o|S 
—s, 
a 
= 
=) 


ma 
a Pid 
input Resistance (Com Mose) | Sd 
Tinputvoege ange Sd] ~SSSSCS*~—t ew | wp ee] | 
ra] | [wo | st | oo 


ack, |) eh 
nm | m| 
BSS 


Power Supply Rejection Ratio Vs = +8V to +18V 110 3 | f 106 | 123] | BC 
| R, > 2k, Vo =+12V | 450 | 2000 /400 | 2000 | | 
Large Signal Voltage Gain V/mV 
R. > 1kQ, Vo = +10V 1000 1000 
RL =2k0 +13 
Output Voltage Swing 
RE =1kO +12 


3.5 
Unity Gain Bandwidth 0.4 


I+ 
— 
Ba 
A 
BN 


aN 


13.5 


ia 


V 


Hz 


5 
ant, 
a;A le 

ap] 


Vs = +15V, RL = © 
Power Consumption 
Ve=sah-= | 


Offset Adjustment Range Rp = 20k | | +40 | mV 
Notes: 


1. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application 
of power. LT1001AM/883B and LT-1001AC grades in hermetic packages are measured after the device is fully warmed up. 

2. This parameter is tested on a sample basis only. 

3. This parameter is guaranteed by design. 

4.Long Term Input Offset Voltage Stability refers to the average trend line of V.., vs. Time over extended periods after the first 
30 days of operation. Excluding the initial hour of operation, changes in V,,, during the first 30 operating days are typically 
2.5 pV. 

5. 10 Hz input noise voltage density is sample tested on every lot. Devices 100% tested at 10 Hz are available on request. 


= 
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Electrical Characteristics (Vs = +15V and -55°C < Ta < +125°C unless otherwise noted) 


LT-1001AM/883B LT-1001M 
Parameters Test Conditions 


Min | 
FinpatOfeerworaee | SC*dSCC*dSC 
Average Input Offset Voltage Drift PL gk 

0.2 
mewn | ide 


Without External Trim? 


With External Trim’ 


input OsetGunent | 
Average Input Offset Current Drift? as 
festirGe - 
Average Input Bias Current Drift? a 
esogeege | 
Vg = +3.0V to +18V 117 


Large Signal Voltage Gain R, = 2 kQ, 
Vo = +10V 


See notes on page 3. 


on © 
i) NO 


+1.0 | +4.0 


A 
Go 
af 
Go 
oO 
a 
oo 
zt 
oo 
oO 
< 


Electrical Characteristics (Vs = +15V and 0°C < Ta <+70°C unless otherwise noted) 


Parameters 


Input Offset Voltage’ 


Average Input Offset Voltage Drift 
Without External Trim? 


With External Trim® 


Input Offset Current 
Average Input Offset Current Drift? 


Average Input Bias Current Drift? 


Power Supply Rejection Ratio Vs = +3.0V to +18V 


Large Signal Voltage Gain R, 2=2kQ, 300 
Vo = +10V 


Output Voltage Swing 


Power Consumption 


See notes on page 3. 
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Section 4 


LT-1001 
Applications Information dissimilar metals at the contacts to the input 
terminals, can exceed the inherent drift of the 
The LT-1001 series units may be inserted directly amplifier. Air currents over device leads should 
into OP-07, OP-05, 725, 108A or 101A sockets be minimized, package leads should be short, 
with or without removal of external frequency and the two input leads should be as close 
compensation or nulling components. The together as possible and maintained at the same 


LT-1001 can also be used in 741 applications pro- temperature. 
vided that the nulling circuitry is removed. 


Input bias currents may flow either into or out of 
Unless proper care is exercised, thermocouple the input terminals, depending on the value of 


effects caused by temperature gradients across los. 


Typical Applications 


= Vo = 1000 Vos 


. : 65-03787A 
*Resistors must have low thermoelectric potential. 


Test Circuit for Offset Voltage and Its 
Drift With Temperature 


1 Meg(2) 


+15V 
© 


R piat.(3) 


1.2k(2) 1k) = 0°C 


Trim 


Offset Trim(4) 


(1) Ultronix 105A wirewound 
i (2) 1% film 

(3) Platinum RTD 118MF (Rosemount, Inc.) 

(4) Trim sequence: 
trim offset (0° C = 1000.0/)), 
trim linearity (35° C = 1138.71), 
trim gain (100°C = 1392.61). 65-03788A 
Repeat until all three points are fixed with +0.025°C. 


Linearized Platinum Resistance Thermometer 
With +0.025°C Accuracy Over 0 to 100°C 
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LT-1001 


Offset Voltage Adjustment 


The input offset voltage of the LT-1001, and its 
drift with temperature, are permanently trimmed 
at wafer test to a low level. However, if further 
adjustment of Vos is necessary, nulling with a 
10k or 20k potentiometer will not degrade drift 
with temperature. Trimming to a value other 
than zero creates a drift of (Vos/300) nVW/°C, 


Operational Amplifiers 


e.g., if Vos is adjusted to 300 pV, the change in 
drift will be 1 uV/°C. The adjustment range with 
a 10k or 20k pot is approximately 4.0 mV. If less 
adjustment range is needed, the sensitivity and 
resolution of the nulling can be improved by 
using a smaller pot in conjunction with fixed 
resistors. The example below has an approxi- 
mate null range of +100 pV. 


O 
-15V 


65-03789A 


Improved Sensitivity Adjustment 


0.1 uF 


Device 
Under 
Test 


(1) Peak-to-peak noise is measured in a 10-second interval 
(2) The device under test should be warmed up for 
3 minutes and shielded from air currents. 


Voltage Gain = 50,000 


65-03790A 


0.1 Hz to 10 Hz Noise Test Circuit 


Raytheon 
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LT-1001 


Typical Applications (Continued) 


O +15V 


! Tantalum 


Input 1k 


Output 


22 uF Tantalum 


15-60 pF 
TUSONIX # 519-3188 


1k 


Full Power 


65-03791A 
Bandwidth 8 MHz 
*Adjust for best squarewave at output. 


DC Stabilized — 1000 V/uS Op Amp 


+5V 


100 pF 


39.21) 1% 
5k 5% 


Non-Inverting 


4.99k 1% O Output 
Input 
2N3904 
Inverting 20k 5% O Output 
Positive feedback to one of the nulling terminals creates = ee 
5u to 20 uV of hysteresis. Input offset voltage is typically eenares 
changed by less than 5 .V due to the feedback. 


65-03792A 


Photodiode Amplifier 
Microvolt Comparator With TTL Output ° . 
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LT-1001 Operational Amplifiers 


Typical Applications (Continued) 


Vin O 


0 to (V- + 1V) 
blair = VIN 
OUT R 
65-03794A 
Precision Current Source 
_ VIN 
V+ = 2 to 35V | lour= -R- 
VIN 
@ 
0 to (V+ - 1V) 


2N2219 


65-03795A 


Precision Current Sink 
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Section 4 


Schematic eg 
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LT-1012 


LT-1012 
Low-Power 
Precision 
Operational 
Amplifiers 


Features 

@ Low input bias current 

+25°C, 100 pA max 

-55°C to +125°C, 600 pA max 

Low input offset voltage — 35uV max 
Low V_,, drift — 1.5 wV/°C max 

Low supply current — 600 nA max 
High gain — 300 V/mV min 

High CMRR — 114 dB min 

High PSRR — 114 dB min 

Low noise — 0.5 LV» (0.1 to 10 Hz) 


Description 


The LT-1012 is an instrumentation-type opera- 
tional amplifier that combines the low input bias 
currents of a FET-type op amp with the low 
noise and low input offset voltage drift of a 
precision bipolar op amp. For a similar device 
with yet tighter specifications, refer to the 


Raytheon 


Operational Amplifiers 


RC4097 Data Sheet. The LT-1012 can improve 
the performance of a wide range of precision 
operational amplifier applications, including 
reference circuits, thermocouple amplifiers, 
charge integrators, sample-and-hold circuits, 
data conversion circuits, log amplifiers, and 
differential instrumentation amplifiers. 


The superior performance of the LT-1012 is a 
result of advanced design and processing 
techniques, including post-package trimming of 
the input offset voltage, and superbeta process- 
ing of the input transistors. Picoampere input 
bias currents are maintained over the full 
military temperature range through the use of 
bias current cancellation techniques in the 
design of the input stage. The entire spectrum 
of input parameters, such as CMRR and 
PSRR, are specified very tightly so as to sup- 
port the low |, and low V_.,, in maintaining 
overall system accuracy. 


The LT-1012 is a direct replacement for indus- 
try-standard LT-1012 types except for lacking 
the over-compensation function at pin 5 (the 
LT-1012 is internally compensated for unity- 
gain stability). 


The LT-1012 is available in plastic DIPs or TO- 
99 metal cans. The devices are specified over 
both commercial and military temperature 
ranges, and can be ordered with Mil-Std-883 
processing. 
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Ordering Information 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

T = 8-lead metal can (TO-99) 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 


Absolute Maximum Ratings 


SOOO sciciccactoceavicaeicincietebieeseaeaen: +22V 
ADU VOUROO” scccececnsscxzcecentasernserstnsessanemenate +22V 
Differential Input Voltage .............. eee +0.7V 
Internal Power Dissipation™ ................. 500 mW 
Output Short Circuit Duration .............. Indefinite 
Storage Temperature 

PROG secmcwecerequnearevaneteevectencstt -65°C to +150°C 
Operating Temperature Range 

I TE axecccxcncereeiccosseenasteaers -55°C to +125°C 

i ST -cccecateavncetesticrsneresasacinnss 0°C to +70°C 
Lead Soldering Temperature 

COM) SOC) ar cxcsinceesinessetuncvesistestmannewnieunsi +300°C 


*For supply voltages less than +22V, the absolute maxi- 
mum input voltage is equal to the supply voltage. 
**Observe package thermal characteristics. 


Thermal Characteristics 


8-Lead 
TO-99 
Metal Can 


Max. Junction Temp. +175°C +125°C 


Therm. Res 6,, so7c/w | — | 
Therm. Res. 6,, 190°C/W | 160°C/W 
For T, <50°C Derate at| 5.26 mW/°C | 6.25 mW/°C 


LT-1012 


Connection Information 


8-Lead 8-Lead 
TO-99 Metal Can Dual In-Line Package 
(Top View) (Top View) 


CONOR WND — 


Mask Pattern 


Die Size: 75 x 78 mils 
Min. Pad Dimensions: 4 x 4 mils 
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Electrical Characteristics (Vv, = +15V and T, = +25°C, unless otherwise noted) 


LT-1012M LT-1012C 

Parameters Test Conditions Min Typ Max | Min Typ Max 

Input Offset Voltage’ 7.0 35 uV 
See Note 2 20 90 

Long Term Input Offset uLV/Mo 

Voltage Stability*® 

Input Offset Current 20 100 20 150 pA 
See Note 2 30 150 30 200 

Input Bias Current +20 +100 +20 +150] pA 
See Note 2 +30 +150 +30 +200 


= 


V, = +3V to +18V 114 130 110 126 


Large Signal Voltage Gain R, 2 10 kQ, V, = +12V 300 2000 200 1500 V/mV 
R, > 2kQ, V, =+10V 200 1000 120 1200 aa 


Slew Rate V/uS 


Notes: 

1. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after applica- 
tion of power. LT-1012M grade is measured after the device is fully warmed up. 

2. These specifications apply for +2.5V < V, < +20V and -13V < V,,,< +13V (at V, = +15V). 

3. This parameter is tested on a sample basis only. 

4. This parameter is guaranteed by design. 

5. Long Term Input Offset Voltage Stability refers to the average trend line of V.., vs. Time over extended periods after the 
first 30 days of operation. Excluding the initial hour of operation, changes in V,,, during the first 30 operating days are 
typically 2.5 pV. 

6. 10 Hz input noise voltage density is sample tested on every lot. Devices 100% tested at 10 Hz are available on request. 
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Electrical Characteristics (V, =+15V, 0°C <T, < +70°C for LT-1012C and -55°C <T, < 
+125°C for LT-1012M unless otherwise noted) 


LT-1012M LT-1012C 
Parameters Test Conditions Min Typ Max | Min Typ Max 
Input Offset Voltage’ 30 180 20 120 uV 
See Note 2 40 250 30 200 


Average Input Offset Voliage Drift 


Input Offset Current 20 230 
See Note 2 40 300 


Average Input Offset Current Drift? 


| 08 25 | 
See Note 2 +150 +800 +50 +30 
| Average Input Bias Current Drit? | =| 0 | S25 | pA. 
Finputvotage Rance =| fT 


Large Signal Voltage Gain R, > 10 kQ, Voy, = +12V 150 1500 VimV 


Notes: 

1. Input offset voltage measurements are performed by automatic test equipment approximately 0.5 seconds after the appli 
cation of power. The LT-1012M grade is tested fully warmed up. 

2. These specifications apply for +3V < V, < +20V and -13V < V 

3. This parameter is tested on a sample basis only. 


oo 
Be) 
> 


13V (at V, = +15V). 


cms 
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Applications Information 


The LT-1012 units may be inserted directly into 
OP-07, OP-05, 725, 108A or 101A sockets with 
or without removal of external frequency com- 
pensation or nulling components. The LT-1012 
can also be used in 741 applications provided 
that the nulling circuitry is removed. 


Unless proper care is exercised, thermocouple 
effects caused by temperature gradients across 
dissimilar metals at the contacts to the input 
terminals, can exceed the inherent drift of the 
amplifier. Air currents over device leads should 
be minimized, package leads should be short, 
and the two input leads should be as close 
together as possible and maintained at the 
same temperature. 


Input bias currents may flow either into or out of 
the input terminals, depending on the value of 
lg: In high-source impedance applications, the 
pc board layout includes guard rings and must 


Unity-Gain Follower 


Operational Amplifiers 


be well cleaned of solder flux. Teflon sockets 
may aid in keeping leakage currents low. 


R1 
50K* 


* Resistors must have low thermoelectric potential. 


65-3787 


Test Circuit for Offset Voltage and Its 
Drift With Temperature 


Non-inverting Ampliier 


TO-99 Mini-DIP 
Bottom View Bottom View 
1 8 @ @i 
2°h) 
oe fe) 
ea te | 
te °  ] 
65-4228 


Guard Ring Layout and Connections 


Raytheon 


4-53 


Section 4 LT-1012 


0.1 pF 
Voltage Gain = 50,000 
10Q 
2kQ 
43kQ 22uF Scope 
x1 
4.7 LF Rin =1MQ 
Device 9.0 UF 
Under Test = 110 kQ 
24.3 kQ — — 
0.1 LF = 
—_ 65-3790 


1. Peak-to-peak noise is measued in a 10-second interval. 
2. The device under test should be warmed up for 3 minutes and shielded from air currents. 


0.1 Hz to 10 Hz Noise Test Circuit 


Typical Applications 


124K** 5.1K 
Q1A Q1B eu 
100 pF 
415V 330 pF = 
6 2 
10K** 2 6 LT-1004 
Input O z ; 1.2V 
6 
$ 15.7K™* 
: 1K* 
Y ES 
@ @ ~ 
-15V Output 
* Tel. labs, type Q81 
** 1% Film resistor Low bias current and offset voltage of the LT-1012 allow 4.5 decades 
Q1 = 2N2979 of voltage input logging. 
65-4230 
Logarithmic Amplifier 
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Typical Applications (Continued) 


2 to 8 pF 


* 1% Metal film 


Full power bandwith = 2 MHz 
Slew rate = 50V/ pS 


* 1% Metal film Settling (10V step) = 12 1S to 0.01% 


= Bias current dc = 30 pA 
Slew rate @ 100V/pLS Offset drift = 0.3 »V/°C 
Settling = 5 pS to 0.1%/10V step Offset voitage = 30 LV 
Offset voltage = 30 LV 
Bias current = 30 pA 


Fast Precision Inverters 


66-4231 
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Schematic Diagram 


Section 4 
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OP-07 


OP-07 Series 
Instrumentation 
Grade 
Operational 
Amplifier 


Features 

Mi Low noise 0.1 Hz to 10 Hz — 0.35 LV, 

@ Ultra-low V,, — 10 pV 

@ Uitra-low V,,, drift — 0.2 pV/'C 

M@ Fits 725, 108A, 741, and AD510 sockets 
@ Long term stability — 0.2 wV/Month 

@ Low input bias current — +1 nA 

Mi High CMRR — 126 dB 

@ Wide input voltage range — +14V 

@ Wide supply voltage range — +3V to +22V 


Description 


The OP-07 amplifier series is designed for 
precision low level signal conditioning where 
ultra low V, and TCV,, are required along 


with very low bias currents. Internal compensa- 


tion eliminates the need for external compo- 
nents. Novel circuit design and tight process 
controls are used to obtain very low values of 
Vos: Vos iS further reduced by a computer 


controlled digital nulling techniques at test. Low 


frequency noise is minimized. Internal biasing 
techniques reduce external bias and offset 


currents to values in the order of +1 nA over the 


military temperature range. OP-07s are direct 


replacements for the 108A, 714, 725 and 5507. 
They can replace chopper stabilized amplifiers 


in many applications. 


Operational Amplifiers 


Connection Information 


8-Lead 
TO-99 Metal Can 


(Top View) 


8-Lead Plastic 
Dual In-Line SO-8 
(Top View) 


20-Pad LCC 
(Top View) 


9 10 1112 13 


Dual In-Line Package 


8-Lead 


(Top View) 


a 
=) 


ONOOARWND — 


65-02657A 
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Ordering Information 


Operating 
Temperature 
Range 


0°C to +70°C 


Part Number Package 


OP-07CT 


OP-07DT 0°C to +70°C 
OP-07ET 0°C to +70°C 
OP-07CD 0°C to +70°C 
OP-07DD 0°C to +70°C 
OP-07ED 0°C to +70°C 
OP-07CN 0°C to +70°C 
OP-07DN 0°C to +70°C 
OP-07EN 0°C to +70°C 
OP-07CM 0°C to +70°C 
OP-07DM 0°C to +70°C 


OP-07EM 0°C to +70°C 


mo-eeoouooOnaaTt | ssses222000RRK+4 


OP-07T -55°C to +125°C 
OP-07T/883B -55°C to +125°C 
OP-07AT -55°C to +125°C 
OP-07AT/883B -55°C to +125°C 
OP-07D -55°C to +125°C 
OP-07D/883B -55°C to +125°C 
OP-07AD -55°C to +125°C 
OP-07AD/883B -55°C to +125°C 
OP-07L -55°C to +125°C 
OP-07L/883B -55°C to +125°C 
OP-07AL -55°C to +125°C 
OP-07AL/883B -55°C to +125°C 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

D = 8 lead ceramic DIP 

T = 8-lead metal can (TO-99) 

L = 20-pad leadless chip carrier 

M = 8-lead plastic SOIC 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 


Thermal Characteristics 


20-Pad 
LCC 


Max. Junction Temp 


“neion Tone 
Therm: Res@j, | sow | asow [srw [= [ 


OP-07 
Absolute Maximum Ratings 
SUDDIY: VONAGG «cnasvevwncesiearcasansvinvauntietnsiedsdes +22V 
PSE VOM spa eneceesecencyeeststaaarcancupanscess +22V 
Differential Input Voltage ............ ce eeseeeeees 30V 
Internal Power Dissipation™ ................. 500 mW 
Output Short Circuit Duration .............. Indefinite 
Storage Temperature 
FRAN OG secsrncscescenstarvacttecrserens -65°C to +150°C 
Operating Temperature Range 
OTP coiniescscseuuctunierssadewacaeast -55°C to +125°C 
OP-O7E/CID ..........scssesssseseeceeeeees 0°C to +70°C 
Lead Soldering Temperature 
(SOG 10 SOC) sccevecerenevacsatiatstnteaecessus +260°C 
(DIP, LCC, TO-99; 60 sec)...............088 +300°C 


*For supply voltages less than +22V, the absolute maxi- 
mum input voltage is equal to the supply voltage. 
**Observe package thermal characteristics. 


Mask Pattern 


4  65-03218A 


Die Size: 75 x 78 mils 
Min . Pad Dimensions: 4 x 4 mils 


8-Lead 
Plastic 
DIP 


125°C 
468 mW 


175°C 125°C 
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Electrical Characteristics (Vs = +15V and Ta = +25°C unless otherwise noted) 


OP-07A OP-07 
Parameters Test Conditions 


Input Offset Voltage’ ee 


Long Term Input Offset 
Voltage Stability> 4 


Input Offset Current ae 
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Input Noise Current Density? 


fo = 1000Hz ) 
Input Resistance (Diff. Mode)? pd 
Input Resistance (Com. Mode) 
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wo 
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Input Noise Voltage Density? 
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os eat | awk | oath 
| oO —~| w| oo ; 


oO 
Ss 
i) 
ro) 
—s 
~N 


ihe) ao; © 
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put Votage ange SS 


. . Ri = 500kN 
3 ’ 
Large Signal Voltage Gain Vo = +0.5V, Vs = +3V 


Output Voltage Swing 
} 108 
| 


Vg = +15V 


Offset Adjustment Range Rp = 20k0 


Notes: 

1. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after applica- 
tion of power. OP-07A is tested fully warmed up. 

2. This parameter is tested on a sample basis only. 

3. Guaranteed but not tested. 

4.Long Term Input Offset Voltage Stability refers to the average trend line of V., vs. Time over extended periods after the first 
30 days of operation. Excluding the initial hour of operation, changes in V_,, during the first 30 operating days are typically 
2.5 pV. 
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Power Consumption 
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Electrical Characteristics (Continued) 
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Parameters Test Conditions nits 
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Long Term Input Offset 
Voltage Stability? 4 


Input Offset Current 


Input Offset Voltage’ 
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Input Bias Current 
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0.1Hz to 10Hz 
= 10Hz 
fo = 100Hz 
= 1000Hz 
0.1Hz to 10Hz 
= 10Hz 
fo = 100Hz 
= 1000Hz 


Input Noise Voltage2 
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Input Noise Voltage Density2 
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Input Noise Current Density2 


Oo 
—s 
rn 
—, 
wo 
—) 
—* 
oo 
ad 
Zs 
wo 
oO 
Fl 
co 


— 
Nn 


ale 
# | 


HA 
rm 


Input Resistance 
(Diff. Mode)? 

Input Resistance 
(Com. Mode) 

Input Voltage Range 
Common Mode - 
Power Supply - 


Large Signal Voltage Gain | Ry = 2kQ, Vo = +10V 


. R, => 5000 
3 b] 
Large Signal Voltage Gain Vo = +0.5V, Vs = +3.0V 


, => 10ko 
Ry => 2k 
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Output Voltage Swing 
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Unity Gain Bandwidth = +1. 


Open Loop 7 7 
Output Resistance ae 
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Power Consumption 


Offset Adjustment Range Rp =20k9 


See footnotes on page 3. 
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OP-07 Operational Amplifiers 


Electrical Characteristics (Continued) 
(Vs = +15V and -55°C < Ta < +125°C unless otherwise noted) 


Input Offset Voltage’ po 


Average Input Offset Voltage Drift 
Without External Trim? 


With External Trim? Rp = 20k0 ; 


Tpwronsetcurene «| ~=SSS*S~*wdCS*~«it | a] te | | 
average ut Otel CurentOnie™ | ———~—*d?S~SC*dt S| || a0 | oar 
TnputBasurent dT SSSSS~*dCS~*d A en] 20 280] nv 
averanehoutBiasGurentoa® | ———=«d(Y~SC«*dt;(a || |S | po 
npuvotage Range S| SSS~*d Bs] sa] 
canon Mode Reston ato [Von=ztw | wos | 3] [m6 | wm] | 
Power Suni Recon aio —_[Vs=230V sia | 

arse Signal Votage Gein _—_—‘[AL=20,Vy=si0v | 200 | «0 | | 0 | ao | [Win 
Fouputvotase Swing idm «dt se [se] [ve [a6] | Vv 


Notes: 1. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds 
after application of power. 
2. This parameter is tested on a sample basis only. 
3. Guaranteed but not tested. 
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Section 4 OP-07 


Electrical Characteristics (Continued) 
(Vs = +15V and 0°C < Ta < +70°C Unies: otherwise noted) 


Parameters Test Conditions ee ee Units 
| Input Offset Voltage’ | Input Offset Voltage’ Voltage’ Po a5] 130] 85 fF 250} |] 85 


Average Input Offset 

Voltage Drift 

Without External Trim? rm 1.3 0.5 et rc a 
With External Trim’ me 20k 4. 43] | 04 | 

| Input Offset Current. Offset | Input Offset Current. Se a 


Average Input Offset oc 
cet FEE 
Average Input Bias 7 
econ [| L*|#[ [*[#l [ol efare mr 
nut Votage Rang ae See ae 
Common Mode 

sme [ews [mlm [wl [elo] 
Power Supply 

ee 


Notes: 1. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application 
of power. 
2. This parameter is tested on a sample basis only. 
3. Guaranteed but not tested. 


OP-07 


Digital Nulling Technique 


The digital nulling technique involves the zener 
diode nulling network of Figure 1. The zener 
diodes have relatively high breakdown voltages 
and never operate in the zener mode. The pur- 
pose of the zeners is to short out resistors R1, 
2R1, 4R1, or 8R1 by forcing a high reverse cur- 
rent through the diode to metalize the junction. 
The input offset voltage can be adjusted by 
varying the collector resistor ratio. If the differ- 
ence in the two collector resistors (Rc) is a small 
increment ARc, Vos can be written as: 


for ARG/Rc < 1.0 In(1+ARC/Rc) ~ ARc/Re, thus: 


+Vs © 
R1 CS (B1) 
Zo 


4Ri a (B3) 
R1 
R2 R2 
J J 
R3 R3 
o Q1 Q2 


INPUTS 


Operational Amplifiers 


AR 
Vos ~ ee 
G 


For Figure 1 R2 + R3 > 8R1, thus 


_ Ry Z 
Vos = -VtT 8R1+R2FRD (7-B3B2B1) (Bo = 1) 
or: 
R1 
Vos = VT ROT AB (1+B3B2B1) (Bo =0) 


where B3BoB; is a binary number which cor- 
responds to the state of zener diodes Z1, Z2 and 
Z3 as per Figure 1. 


AVos(25°C) ~ -2:5mV (7 = BsB2B1)R1 ig, - 4 0) 


8R1+R2+R3 
Bn = 1.0 for Z, unshorted. 
Bn = O for Z, shorted. 


B,BoB3 = Binary number with values from 0 to 7. 


2.6mV (1 + B3B2B1)R1 


R2+R3 (Bo = 0) 


AVos(25° C) = 


65-00365A 


Figure 1. Digital Nulling Network 
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Section 4 OP-07 
Typical Performance Characteristics 


Untrimmed Offset Voltage vs. Temperature Trimmed Offset Voltage vs. Temperature 


|_| Vg trimmed to < 5.0,V at +25°C 
|__| Nulling Pot = 20k0 


Absolute Value of Offset Voltage (.V) 
Absolute Value of Offset Voltage (.V) 


65-03207A 


Temperature (°C) Temperature (°C) 


Input Bias Current vs. Differential Input Voltage Input Bias Current vs. Temperature 


+30 
AT |Vpirr| < 1.0V |Ig| < 2.0nA (OP-07A) 
< P-07 

+20 | < 7.0nA (OP-07C) 


Input Bias Current (nA) 


Non-inverting Input Bias Current (mA) 


-30 -20 -10 0 +10 +20 +30 
Differential Input Voltage (V) Be-iez0eA Temperature (°C) 


Input Offset Current vs. Temperature CMRR vs. Frequency 


130 emery | 
Teo |) 00 ERE 


Z 20 orore THR TUM UAT TTIT 
E si6 TIN 
: oO TINSY 
5 1.5 S 100 NS xf 
3 = TMT 
| \ : 
gf WKAABSE) LW ol Ht 
a SN crore | Snian NT. 
joe SE I oe A TTA 
0 3 60 NTS 
-50 0 +50 +100 1.0 10 100 1K 10K 100K 
Temperature (°C) Frequency (Hz) 


4-64 Raytheon 


OP-07 


PSRR vs. Frequency 


1 
Ha NU CIC 


AIM TAIT PSE 
CAAT UTNE AIS LT 
CUA TT LITE DSS 
CLT AV TA TTI 


0.1 1.0 10 100 1K 10K 


PSRR (dB) 


Frequency (Hz) 


Open Loop Frequency Response 


Open Loop Gain (dB) 
r= 


0.1 1 10 100 1K 10K 100K 1M 10M 


8 


Frequency (Hz) 


Maximum Undistorted Output vs. Frequency 


28 
pene sg | 
- — +15V 


meiil| Ma +25°C 
- CoN Tt alll 
EEE ETT EL 


ANI th 

ll INGE 

alll l_ Tr rth | I) 
Bee 


1 100 


Output Voltage Peak-to-Peak (V) 


00376A 


65- 


Frequency (kHz) 
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Typical Performance Characteristics (Continued) 


Open Loop Gain (dB) Open Loop Gain (V/mV) 


Output Swing (Volts) 


Operational Amplifiers 


Open Loop Gain vs. Supply Voltage 


Power Supply Voltage (V) 


Closed Loop Response for 
Various Gain Configurations 


Frequency (Hz) 


Output Voltage vs. Load Resistance 


cfev) LEU tT ETT 
T- +25°C PTT TTT] Positive Swing fl 
15 + Vin = +10mv haben BO 
PT TTT | eter TTT 


— 


Negative Swing 


Load Resistor to Ground (k{)) 
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Typical Performance Characteristics (Continued) 


Power Consumption vs. Supply Voltage Output Short Circuit Current vs. Time 


1. Vin (Pin 3) = -10mV, Vo = +15V 
2. Vin (Pin 3) = +10mV, Vo = -15V 


Power Dissipation (mW) 
Output Short Circuit Current (mA) 


Total Supply Voltage, +Vs to -Vs (V) Time From Output Being Shorted (Minutes) 


Typical Applications 


High Speed, Low Vos Composite Amplifier* | Adjustment-Free Precision Summing Amplifier* 


R4 
10K 


4 HIGH SLEW RATE 
AMPLIFIER 


+ IBias RF — 


= Vo=-Vin BE 
o in = 65-03214A 


= R1 


baad 65-03215A 


High Stability Thermocouple Amplifier* Precision Absolute Value Circuit* 
R1 R3 
R3 R4 RS 
SENSING ve yen 
JUNCTION 
R1 
Vin 10K 
U 
+10V 
REFERENCE 
JUNCTION 


65-032174 
> 65-03216A 


*Pin outs shown for metal can packages 
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Operational Amplifiers 


Schematic Diagram 


+Vs 
(7) 


NULL NULL 
@ ® ® 


OUTPUT 
+INPUT Q5 (6) 
(3) 


*R2A and R2B are electronically adjusted during factory test for minimum Vos. 


65-00362B 
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OP-27 

Low Noise 
Operational 
Amplifier 


Features 
M@ Very low noise 
Spectral noise density — 3.0 nV/ Hz 
1/f noise corner frequency — 2.7 Hz 
m@ Very low V,,, drift 
0.2 pV/Mo 
0.2 pV/°C 
Mi High gain — 1.8 x 106 V/V 
li High output drive capability — +12V into 
600 load 
m@ High slew rate —2.8 V/pS 
m Wide gain bandwidth product — 8 MHz 
m Good common mode rejection ratio — 
126 dB 
m@ Low input offset voltage — 10 pV 
Hi Minimum low frequency noise — 0.08 pV, , 
0.1 Hz to 10 Hz 
m Low input bias and offset currents — 10 nA 


Description 


The OP-27 is designed for instrumentation 
grade signal conditioning where low noise (both 
spectral density and burst), wide bandwidth, 
and high slew rate are required along with low 
input offset voltage, low input offset temperature 


coefficient, and low input bias currents. These 
features are all available in a device which is 
internally compensated for excellent phase 
margin (70°) in a unity gain configuration. 


Digital nulling techniques performed at wafer 
sort make it feasible to guarantee temperature 
stable input offset voltages as low as 25 pV. 
Input bias current cancellation techniques are 
used to obtain 10 nA input bias currents. 


The OP-27 design uniquely addresses the 
needs of the instrumentation designer. Power 
supply rejection and common mode rejection 
are both in excess of 120 dB. A phase margin 
of 70° at unity gain guards against peaking 
(and ringing) in low gain feedback circuits. 
Stable operation can be obtained with capaci- 
tive loads up to 2000 pF*. Input offset voltage 
can be externally trimmed without affecting 
input offset voltage drift with temperature or 
time. The drift performance is, in fact, so good 
that the system designer must be cautioned 
that stray thermoelectric voltages generated by 
dissimilar metal at the contacts to the input 
terminals are enough to degrade its perform- 
ance. For this reason it is also important to 
keep both input terminals at the same relative 
temperature. 


The OP-27 is available in LCC, SO-8 (small- 
outline), TO-99 can, plastic mini-DIP and 
ceramic mini-DIP packages, and can be or- 
dered with Mil-Std-883 Level B processing. 


*By decoupling the load capacitance with a series resistor 
of 50 or more, load capacitances larger than 2000 pF 
can be accommodated. 
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8-Lead TO-99 
Metal Can 
(Top View) 


8-Lead 


Connection Information 


8-Lead Plastic 


Dual In-Line SO 
(Top View) 


Dual In-Line Package 


(Top View) 


Pin 
1 
2 
3 
4 
5 
6 
v4 
8 


20-Pad LCC 


Function 
Vos Trim 
-Input 
+input 
-Vs 
Output 
+Vs 

Vos Trim 


65-02666A 


Function 
Vos Trim 
-Input 
+Input 
Vs 

NC 
Output 
+Vo 

Vos Trim 


Ordering Information 


Part Number 


OP-27EN 
OP-27FN 
OP-27GN 
OP-27EM 
OP-27FM 
OP-27GM 


OP-27ED 
OP-27FD 
OP-27GD 
OP-27ET 
OP-27FT 
OP-27GT 


OP-27AD 
OP-27AD/883 
OP-27BD 
OP-27BD/883 
OP-27CD 
OP-27CD/883 
OP-27AT 
OP-27AT/883 
OP-27BT 
OP-27BT/883 
OP-27CT 
OP-27CT/883 
OP-27AL/883 
OP-27BL/883 


Notes: 


Operational Amplifiers 


Package 


rere aes ABOOOOOCO | aaa OoOCO 


Operating 
Temperature 
Range 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


-25°C to +85°C 
-25°C to +85°C 
-25°C to +85°C 
-25°C to +85°C 
-25°C to +85°C 
-25°C to +85°C 


-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


-55°C to +125°C 
-55°C to +125°C 


/883B suffix denotes Mil-Std-883, Level B processing 


N = 8-lead plastic DIP 
D = 8 lead ceramic DIP 


T = 8-lead metal can (TO-99) 
L = 20-pad leadless chip carrier 


M = 8-lead plastic SOIC 


Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 


range combinations. 
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Absolute Maximum Ratings 


Supply Voltage ............ccscesscessseessessnesseees +22V 
MOU VONAGS” sccciscachactiacacceianceccncecnsebenaanias +22V 
Differential Input Voltage ............... eee 0.7V 
Internal Power Dissipation” ................. 658 mW 
Output Short Circuit Duration .............. Indefinite 
Storage Temperature 

PRANOG Siieiei se otreresenioreseseacans -65°C to +150°C 
Operating Temperature Range 

OPS27 Pd ENG: svesitcenvnssseedeaicsicas -55°C to +125°C 

OP-27E/F/G (Hermetic)............ -25°C to +85°C 

OP-27E/F/G (Plastic)................... 0°C to +70°C 
Lead Soldering Temperature 

(50-8 10 SOC) ssssectcctasarestereectnemsnacein +260°C 

(DIP, LCC, TO-99; 60 sec) ........... +300°C 


“For supply voltages less than +22V, the absolute maximum 


input voltage is equal to the supply voltage. 
**Observe package thermal characteristics. 


Thermal Characteristics 


8-Lead 


Therm. Res. @ 


8-Lead 


Small 
Outline DIP 


Max. Junction Temp 125°C 175°C 175°C 175°C 125°C 
Max.P,T,<50°C | 300mw | e33mw | esemw | 925mw | 468m 
. ° 


Ceramic 


Therm. Res 6,, | 45°C/W 50°C/W 37°C/W i=. 
240°C/W 150°C/W 190°C/W 105°C/W 160°C/W 
For T. >50°C Derate at} 4.17 mW/C | 8.33 mW/C [5.26 mW/C | 7.0 mW/°C 


Mask Pattern 


65-01540A 


Die Size: 75 <x 80 mils 
Min. Pad Dimensions: 4 x 4 mils 


8-Lead 8-Lead 
TO-99 20-Pad Plastic 
Metal Can LCC DIP 


6.25 mW/°C 
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Electrical Characteristics (v, = +15v andT, = +25°C unless otherwise noted) 


OP-27A/E 
Parameters Test Conditions 


Min Typ Max; Min Typ Max| Min Typ Max 
Input Offset Voltage® 


| OP-27B/F 
Long Term Input Offset 
Voltage Stability’ ¢ 
+10 +40 +12 +55 +15 +80 


= 
S\< 
So 


OP-27C/G 


Input Offset Current Fl 
Input Noise Voltage? 0.1 Hz to 10 Hz 0.08 0.18 0.08 0.18 0.09 0.25] pV 
F,= 10 Hz 3.8 8.0 


Input Noise Voltage F, = 30 Hz p81 4B 


bg 
a) 


nv 


Density” F, = 1000 Hz 


F,= 10 Hz 1.7 4.0 4.0 
F., = 1000 Hz 04 06 


—_— i] — = 
OINn No 
bs | 
ul 


Input Noise Current 
Density? 


Input Resistance 
(Diff. Mode) 
Input Resistance 
(Com. Mode) 


Input Voltage Range® 
Cc 
Ss 
oO 


Common Mode 
Rejection Ratio 
V. +4V to £18V 100 120 La 


cS e 
b 
vo) 
o 
ro) 
hb 


0.6 
0.8 


7a 
ro) 


#11 £123 £11 21233 


F 
+11 +12.3 
V.,, = t11V 


a. 
ow 


wo 
<6 
= 
_ 
oe] 
a. 
© 


M 
Power Supply 
Rejection Ratio 
R,22k,V ,=+10V{ 1000 1800 1000 1800 700 1500 
Large Signal Voltage Gain} R,21kQ,V,=+10V | 800 1500 800 1500 1500 V/mV 
’ Ss = 
L 
L 
L 


V,=21V, V, = +4V4 250 700 250 700 
Output Voltage Swing R, >600 ; +11 +12 214. +12 


| 200 500 

, pti #12 
ee a 
Resistance 
[Powerconsumpion | «|S ao|0 


Notes: 

1.Long Term Input Offset Voltage Supply refers to the average trend line of V., vs. Time over extended periods after the first 
30 days of operation. Excluding the initial hour of operation, changes in V.,, during the first 30 operating days are typically 
2.5 yV. 

2. This parameter is tested on a sample basis only. 

3. Caution: The Common Mode Input Range is a function of supply voltage. See Typical Performance Curves. Also, the input 
protection diodes do not allow the device to be removed or inserted into the circuit without first removing power. 

4. Parameter is guaranteed but not tested. 

5. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application 
of power. 
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Electrical Characteristics .v, = +15v, -55°c <T, < +125°C unless otherwise noted) 


| OP-27A___—|_—__—COP--27B OP-27C 
Parameters Test Conditions Min Typ Max| Min Typ Max; Min Typ Max 


InputOffset Voltage" | | S80 || 20 70 300 
Voltage Drift? 
InputOtfset Current == || | St 80 | 285 | 801385 | A 


Input Bias Current +20 +60 +28 +95 +35 +150 nA 
Input Voltage Range £10.39 £11.5 £10.3 £11.5 +10.2 £11.5 V 


Common Mode Voy = £10V 108 122 

Rejection Ratio 

Power Supply V, £4.5V to £18V 86 110 dB 
Rejection Ratio 


= 
Large Signal Voltage Gain | R, >2k,V ,=+10V| 600 1200 500 1000 300 800 V/mV 


Electrical Characteristics .v, = +15v, -25°c<T, < +85°C for hermetic package types, 0°C <T, < +70°C for 
plastic packages unless otherwise noted) 


Input Offset Voltage’ 
Average Input Offset 
Voltage Drift? 


OP-27E 


Input Bias Current 
Input Voltage Range 


Common Mode Voy = £10V 102 12 96 118 
Rejection Ratio 

Power Supply V, £4.5V to +18V 97 dB 
Rejection Ratio 


1 
118 
Large Signal Voltage Gain} R,>2k,V ,=+10V | 750 1500 700 1300 450 1000 
Output Voltage Swing R, 22k #11.7 £13.6 #11.42135 =| #11 413.3 V 


Notes: 


1. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after applica- 
tion of power. 


2. 1.V,, performance is guaranteed unnulled or when nulled with R, = 8.0k to 20k. 
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Gain (dB) 


Gain (dB) 
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0.1Hz to 10Hz Noise Test Circuit 


0.1Hz to 10Hz Peak-to-Peak Noise 
Tester Frequency Response 


eta 9 | II 

PACU | TIN LUIS 

CUE LETT PEEING HT 

mill lace He Ne 
\ 


Time Time of 10 Sec Further 
50 fF Limits Low Frequency | 


(< 0.1Hz) Gain 
1.0 
Frequency (Hz) 


iN. 
TINE 


10 100 


0.01 0.1 


Gain, Phase Shift vs. Frequency 
25 0 


g 

Nee VC § 
HONE 3 
COMSAT § 


Frequency (MHz) 


Voltage Gain (dB) 


Phase Margin 


(degrees) 


Slew Rate (V/uS) 


SCOPE 
x1 
Rin = 1M 


VOLTAGE GAIN 
110K = 50.000 


Open Loop Gain vs. Frequency 


1 10 100 1K 10K 100K 1M 10M 100M 


Frequency (Hz) 


Slew Rate, Gain Bandwidth Product, 
Phase Margin vs. Temperature 
0 


Gain Bandwidth Product (MHz) 


-75 -§50 -25 0 25 S50 75 100 125 


Temperature (°C) 
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Section 4 OP-27 
Typical Performance Characteristics (Continued) 
Supply Current vs. Supply Voltage sierra Output Swing vs. Resistive Load 
a 
_ 14 |___|_ Positive oe BER 
t > 12 es ——— 
= 2 iol Peco 
E a es — 
: a et Z| Swing tT Tt TTT 
Es 6 4 tooth 
° 2 +H t+ Ay 
of | TIT lle 
eC rons 


Short Circuit Current (mA) 


Maximum Undistorted Output vs. Frequency 
28 


Peak-to-Peak Output Voltage (V) 
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Total Supply Voltage (V) 


Short Circuit Current vs. Time 


Open Loop Gain (V/V) 


Time From Output Shorted to Ground (minutes) 


eT TTT TAT 
CLM ATT [veces 1 TT 
0 A a 
CME LENT ETT TT 
UGE TUN ETI TUT 
UME EEE TUTTE TTT 
. BNL SN 


1K 10K 100K 1M 


Frequency (Hz) 


Common Mode Range (V) 


0.1 10 
Load Resistance (k‘)) 


Open Loop Voltage Gain vs. Supply Voltage 


0 +§ +10 +15 +20 +25 


Supply Voltage (V) 


one Mode Input Range vs. Supply Voltage 


Supply Voltage (V) 
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Typical Performance Characteristics (Continued) 


SSS Op Amp 


A Comparison of Op Amp 
OP-27 Voltage Noise vs. Frequency Voltage Noise Spectrums 
° = ' See 
Ss Sesstiiieeesmsstit er eel sau 
es ee BBall 
SLOT 32: s2sec amet <H HH i 
SATE att ETE Ss saili 
t 7 SH ol] Pro | Lt moe | IH) 


@e- ---~ 


Voltage Noise (nV/\/Hz) 
Voltage Noise (nV/\/Hz) 


1/F Comer 2.712 instrumentation Range to - 


3 DC Audio Range to 20kHz 8 
o 1 LE} rr 
000 1 10 100 1000 
Frequency (Hz) Frequency (MHz) 
shall all oe vs. Frequency Voltage Noise vs. Supply Voltage 
1. Ss 
; 
j 1.0 aaa ~ 3 
2 
~ i sa5-0n—— =} a8 
a le ete iii] | | | aaa Hh & 
E it = 
fs) Sati aii $ . 
8 
‘ UU | LUTE 
10 
Frequency (Hz) Supply Voltage (V) 
Voltage Noise vs. Temperature Offset Voltage Drift of a Units 
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OP-276 


EERE 
— aoe 
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o 


-50_-25 0 25 sO. 75 = 100 125 -75 -50 -25 0 25 50 75 100 125 150 175 
Temperature (°C) Temperature (°C) 


Voltage Noise (nV/\/Hz) 
Offset Voltage (uV) 
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Typical Performance Characteristics (Continued) 


Warm-Up Drift Input Bias Current vs. Temperature 

S 
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= 3 

£ z 
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é 
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Typical Performance Characteristics (Continued) 


OP-27 0.1Hz to 10Hz Peak-to-Peak Noise 


‘ Vertical Scale 50nV/Division 

— Signal Overshoot vs. Capacitive Load Recorder Speed 16 Divisions/Min 

80 HHH 0H 0H 18 Dione — 
nute 

j EEE 
ie 7 rhe | ne din belvlaat thas 
es eee Tt eT rE TE 
- A+++ yieio iE pot fp ptt tf 
MLCCEELELLe i oe Ed 
0 50010001500 20002500 TTT ETT TET TTT TE ds 
Sigal beadine) EET EEE TE TET tT ee i 


Offset Nulling Circuit 


® 
-20V 


29 65-00028A 


2.8V/uS 


When R¢ < 1000 and the input is driven 
with a fast, large signal pulse (= 1.0V), 
the output waveform will look as shown. 


65-00030A 
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Typical Applications 


RIAA Phono Preamplifier (Figure 1) 


The new moving coil magnetic phono cartridges 
have sensitivities that are an order of magnitude 
lower than the sensitivity of a typical moving 
magnet cartridge (0.1 mV per CM/S versus 1.0 
mV per CM/S). This places a greater burden on 
the preamplifier to achieve more gain and less 
noise. The OP-27 is ideally suited for this task. 
The object in designing an RIAA phono preamp 
is to achieve the RIAA gain-frequency response 
curve while contributing as little noise as pos- 
sible to avoid masking the very small signal 
generated by the cartridge. The circuit shown is 
adjusted to match a 40 dB RIAA curve as shown 
in Figure 2. Note that by convention the RIAA 
gain is specified at 1 KHz. With the “break 
points” of the curves specified at 50,500 and 2.1 
kHz respectively the entire curve is fixed by the 
specified gain at 1kHz. 


The circuit is designed to operate with a 3/ 
4000Q step-up transformer to present the opti- 
mum source impedance to the amplifier for best 
noise figure. The optimum source impedance is 
obtained as the ratio of the spectral noise 


FERRITE 


JENSEN BEADS 


JE 34K-Dy 
TRANSFORMER 
L pet R2  R3=0to 1.0K 
47K 
C1 
120 
[ 2.02 40002 
3.09 MOVING 


COIL CARTRIDGE 


To test, disconnect transformer and inject signal at TP-1. 


voltage en to the spectral noise current i, 
(when e, has dimensions of nV/ Hz and! , has 
dimensions of pA/VHz and the ratio has dimen- 
sions of kQ). The circuit is designed to be 
tested and adjusted independent of the trans- 
former, for this purpose introduce a very low 
level signal 1 mV attest point TP-1. The first 
stage is a wideband stage which provides a 
small amount of gain (1 + R4/R5) approxi- 
mately equal to 10 dB. Low value feedback 
resistors must be used to prevent additional 
noise due to the spectral current noise or 
excessive Johnson noise. The gain of the first 
stage reduces the noise contribuition of the 
second stage. The RIAA transfer curve poles 
and zeros are due entirely to the feedback 
network of the second stage. 


The poles and zeros of the RIAA feedback 
network are sufficiently separated in frequency 
that they may be estimated with the following 
equations: 


: 


1 (S0H2) ~ 5 a7G3 

: 
fe(500Hz) ~ > 
fa(2100Hz) ~ a5 


C4A 


OUT 


65-00031B 


Figure 1. RIAA Phono Preamplifier 
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Midband Gain 


{3 


Frequency —» 


fo = Low end rolloff frequency (user selected) 
fy = 50Hz 


fo = 500Hz 65-00032A 
fz = 2.1kHz 


Figure 2. RIAA Phone Playback 
Equalization Curve 


These equations are only approximations. 
Final tuning is performed with the adjustable 
capacitors and potentiometers. The following 
sequence can be used to adjust for the RIAA 
response after injecting a low level signal into 
TP-1 (transformer disconnected). 
1. At 100 Hz adjust C3A for an output level 
6 dB lower than the low frequency output. 
2. At 1000 Hz adjust R8A for an output level 
20 dB lower than the low frequency output. 
3. At 21 kHz adjust C4A for an output 40 dB 
less than the low frequency output. 


Low Impedance Microphone Preamp 
(Figure 3) 


In this preamp the transformer converts the low 
microphone impedance up to a value that is 
close to the optimum source impedance re- 
quired by the OP-27 for best noise perform- 
ance. The optimum source impedance can be 
calculated as the ratio of en/in which for the 
OP-27 is approximately 7000Q. Fortunately 


Operational Amplifiers 


the noise performance does not degrade ap- 
preciably until the source impedance is four or 
five times this optimum value and the source 
impedance at the output of this transformer, 
approximately 15 kQ, still provides near opti- 
mum noise performance. (A high quality audio 
transformer with a step-up ratio of 6.7 to one is 
not available.) The voltage gain of the ampli- 
fier, not including the transformer step-up, is 
unity up to about 1.5 Hz. It may be desirable to 
reduce the size of this capacitor to minimize 
burst noise even though the OP-27 has a 1/f 
noise corner below 3 Hz. C2 rolls off the high 
frequency response at 90 kHz giving a noise 
power bandwidth of 140 kHz. 


Instrumentation 


The OP-27 is particularly adaptable to instru- 
mentation applications. When wired into a 
single op amp difference amplifier configura- 
tion, the OP-27 exhibits outstanding common 
mode rejection ratio. The spot voltage noise is 
so low that it is dominated almost entirely by 
the resistor Johnson noise. 


The three op amp instrumentation amplifier of 
Figure 8 avoids the low input impedance 
characteristics of difference amplifiers at the 
expense of two more operational amplifiers and 
a slight degradation in noise performance. The 
noise increases because two amplifiers are 
contributing to the input voltage spectral noise 
instead of one. Thus the noise contribution, 
exclusive of resistor Johnson noise, increases 
by slightly more than the V2. The spectral 
noise voltage increases from approximately 

3 nV/VHz to approximately 4.9 nV/VHz, with the 
third amplifier contributing about 10% of the 
noise. The gain of the input amplifier is set at 
25 and the second stage at 40 for an overall 
gain of 1000. R7 is trimmed to optimize the 
common mode rejection ratio (CMRR) with 
frequency. With balanced source resistors a 
CMRR of 100 dB is achieved. With a 1 kQ 
source impedance imbalance CMRR is de- 
graded to 80 GB at 5 kHz due to the finite 

(3 GQ) input impedance. 
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800p 


MICROPHONE ~ 1:10 
(15012) JENSEN = 
TRANSFORMER 400 
JE-115K-E 


C1 
ca 1000uF 


65-00033A 


Figure 3. Low Impedance Microphone Preamplifier 


100K Ta = +25°C— R1 
q 
2 
AViIN 3 10 
Vout = 1000 (Vin) 3 
= AVin (R2/R1) 2 
Resistor Noise Only 
: 
| Sees il, 
100 
Source Resistance (12) 
65-00034A 
= Voltage noise vs. source resistance for the 
difference amplifier. Noise performance shown 
. : : = = +25° = 
Figure 4. A Single Op Amp IC Difference et Ne ee mR nee erenengitah Ie: 
Amplifier Using an OP-27. The Difference 
Amplifier is Connected for a Gain of 1000. Figure 5. Total Noise vs. Source Resistance 
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140 
a ee a 
PTT CTTTIN a 
TA TM SSS TT UT 
CT TTT 
Titi ti 
10? 106 10° 106 


10 
Frequency (Hz) 


CMMR (dB) 


= 7 65-00036A 0 


Figure 6. Common Mode Rejection Figure 7. Common Mode Rejection Ratio vs. 
Ratio Test Circuit Frequency for the Circuit of Figure 4 


INPUT 


R5 
c) 500 (0.1%) 


R8 
20K (0.1%) 


° R1 
5K (0.1%) 
3 


R 
390 
AVIN: 


Trim R2 for Ayc_ = 1000 65-00038A 
Trim R10 for DC CMRR 
Trim R7 for Minimum Vout at Vom = 20Vp-p 10KHz 


Figure 8. Three Op Amp IC Instrumentation Amplifier 
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Schematic Diagram 


O 
>£9 


OP-37 


OP-37 

Low Noise 
Operational 
Amplifier 


Features 


@ Very low noise 
Spectral noise density — 3.0 nV/VHz 


1/f noise corner frequency — 2.7 Hz 


M@ Very low V,, drift 
0.2 wV/Month 
0.2 pV/C 


@ High gain — 1.8 Million 

@ High output drive capability —+12V into 
600Q load 

@ High slew rate —17 V/uS 

@ High gain bandwidth product — 63 MHz 

H Good common mode rejection ratio — 
126 dB 

@ Low input offset voltage — 10 pV 

H Minimum low frequency noise — 0.08 pV, 
(0.1 Hz to 10 Hz) 

@ Low input bias and offset currents — 10 nA 

lm Compensated for ac stability with Ay, 25 


Raytheon 
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Description 


The OP-37 is designed for instrumentation 
grade signal conditioning where low noise 
(both spectral density and burst), wide band- 
width, and high slew rate are required along 
with low input offset voltage, low input offset 
temperature coefficient, and low input bias 
currents.. The OP-37 is a decompensated 
version of the OP-27 and is ac stable in gain 
configurations equal to five and higher. 


Digital nulling techniques performed at wafer 
sort make it feasible to guarantee temperature 
Stable input offset voltages as low as 25 pV. 
Input bias current cancellation techniques are 
used to obtain 10 nA input bias currents. 


The OP-37 design uniquely addresses the 
needs of the instrumentation designer. Power 
supply rejection and common mode rejection 
are both in excess of 120 dB. Input offset 
voltage can be externally trimmed without 
affecting input offset voltatge drift with tempera- 
ture or time. The drift performance is, in fact, so 
good that the system designer must be cau- 
tioned that stray thermoelectric voltages gener- 
ated by dissimilar metals at the contacts to the 
input terminals are enough to degrade its per- 
formance. For this reason it is also important to 
keep both input terminals at the same relative 
temperature. 


The OP-37 is available in LCC, SO-8 (small- 
outline), TO-99 can, plastic mini-DIP and ce- 
ramic mini-DIP packages, and can be ordered 
with Mil-Std-883 Level B processing. 
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Connection Information 


8-Lead 
TO-99 Metal Can 


(Top View) 


Dual In-Line Package 
(Top View) 


= 
= 


1 
2 
3 
4 
5 
6 
7 
8 


20-Pad LCC 
(Top View) 


9101112 13 
65-02657A 
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8-Lead Plastic 
Dual In-Line SO-8 
(Top View) 


Function 


Function 


Ordering Information 


part Number 


Operating 
Temperature 
Range 


OP-37EN 0°C to +70°C 
OP-37FN 0°C to +70°C 
OP-37GN 0°C to +70°C 
OP-37EM 0°C to +70°C 
OP-37FM 0°C to +70°C 


OP-37GM 0°C to +70°C 


OP-37ED -25°C to +85°C 


OP-37FD -25°C to +85°C 
OP-37GD -25°C to +85°C 
OP-37ET -25°C to +85°C 
OP-37FT -25°C to +85°C 


OP-37GT -25°C to +85°C 


OP-37AD -55°C to +125°C 


OP-37AD/883B -55°C to +125°C 
OP-37BD -55°C to +125°C 
OP-37BD/883B -55°C to +125°C 
OP-37CD -55°C to +125°C 
OP-37CD/883B -55°C to +125°C 
OP-37AT -55°C to +125°C 
OP-37AT/883B -55°C to +125°C 
OP-37BT -55°C to +125°C 
OP-37BT/883B -55°C to +125°C 
OP-37CT -55°C to +125°C 
OP-37CT/883B -55°C to +125°C 
OP-37AL/883B -55°C to +125°C 


PrAaaeAAHAHAHOOOCOCOO!] AxHHOO0O onset 


OP-37BL/883B -55°C to +125°C 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

D = 8 lead ceramic DIP 

T = 8-lead metal can (TO-99) 

L = 20-pad leadless chip carrier 

M = 8-lead plastic SOIC 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 
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Absolute Maximum Ratings 


SUDDIV VONAIC scscccastntuansiencsavsssenecausnaencarice +22V 
FUE VON C sss intra cpanatia ccnseucosareceeviaanes +22V 
Differential Input Voltage ........... ee eeeee 0.7V 
Internal Power Dissipation™ ................. 658 mW 
Output Short Circuit Duration .............. Indefinite 
Storage Temperature 

FANGS osscivetiansectiasorcemiseelavaices -65°C to +150°C 
Operating Temperature Range 

OP-STAIGIG. sciccsestercomsexsviavens: -55°C to +125°C 

OP-37E/F/G (Hermetic) ........... -25°C to +85°C 

OP-37E/F/G (Plastic)................ 0°C to +70°C 
Lead Soldering Temperature 

(S058. 10 SOC) wsicvsiscnssivsnsanodavecaceonnevsss +260°C 

(DIP, LCC, TO-99; 60 sec) .................. +300°C 


“For supply voltages less than +22V, the absolute maximum 


input voltage is equal to the supply voltage. 
**Observe package thermal characteristics. 


Thermal Characteristics 


Raytheon 


Max. Junction Temp. 125°C 175°C 175°C 175°C 125°C 
Max. P, T, <50°C 300 mW 833 mW 658 mW 925 mW 468 mW 
Trem. Res8, [= | sow | srom | arom | 
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Mask Pattern 


Die Size: 75 x 80 mils 
Min. Pad Dimensions: 4 x 4 mils 


8-Lead 
20-Pad Plastic 
LCC DIP 
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Electrical Characteristics (V, = +15V and T, = +25°C unless otherwise noted) 


Parameters Test Conditions Min Typ Max | Min Typ Max; Min Typ Max 
Input Offset Voltage® 


Long Term Input Offset 
Voltage Stability’ 2 


Input Offset Current ae 70. 35 


_ 
ine) 
“I 
on 


= 
> |= 
fo) 


Input Bias Current +10 +40 +12 +55 +15 +80 
Input Noise Voltage? 0.08 0.18 0.08 0.18 0.09 0.25 | pV 


Input Noise Voltage | 8d 45 | nV 
Density? |Fo=toooHz | 3.03.8 | 8.038 | Viz 
7 
Density? 04 0.6 04 0.6 04 06 | VHz 
15 6.0 0.8 4.0 MQ 
(Diff. Mode)* 
GQ 


Input Voltage Range®* +11 +12.3 +11 +12.3 zTl i238 V 
Rejection Ratio 
Power Supply V, t4V to +18V 94 118 
Rejection Ratio 


700 1500 


Input Resistance 
(Com. Mode) 


Large Signal Voltage Gain V/mV 


Be) 
- 
IV 
st 
< 
"i 
HE 
a 
r-) 
< 
0 
° 
r=) 
nn 
o 
ro) 
Go 
o 
o 
nn 
S 
o 


200 500 
£115 #135 
Output Voltage Swing H11 212 


| Gain Bandwidth Product* r = 10 kHz | 45 63 =| 45s 


Open Loop Output Vo = 0,1, =0 70 70 70 
Resistance 


Notes: 

1. Long Term Input Offset Voltage Supply refers to the average trend line of V... vs. Time over extended periods after the first 30 days of 

operation. Excluding the initial hour of operation, changes in V,, during the first 30 operating days are typically 2.5 pV. 

This parameter is tested on a sample basis only. 

Caution: The Common Mode Input Range is a function of supply voltage. See Typical Performance Curves. Also, the input protection 
diodes do not allow the device to be removed or inserted into the circuit without first removing power. 

Parameter is guaranteed but not tested. 

Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power. 


VAS 


° 
3 


ab ON 


4-86 Raytheon 


OP-37 Operational Amplifiers 


Electrical Characteristics (v, =+15v, -55°C <T, <+125°C unless otherwise noted) 


OP-37A OP-37B OP-37C 
Parameters Test Conditions Min Typ Max; Min Typ Max] Min Typ Max 
4 1.8 


Average Input Offset 0 pV/C 
Voltage Drift? 
| aes | 0135 | 


Input Offset Current | | 158 A 


03 13 
Input Bias Current +20 +60 +28 +95 #35 +150 
Input Voltage Range +10.3 411.5 #103 411.5 410.2 411.5 


Common Mode Voy = £10V 108 122 100 119 94 116 
Rejection Ratio 
Power Supply V, +4.5V to t18V 94 114 86 110 
Rejection Ratio 


R, 22kQ +115 +13.5 +11 +13.2 #105 +13 


Output Voltage Swing 


Electrical Characteristics (V, = +15V, -25°C <T, <+85°C for hermetic package types, 0°C < T, < +70°C for 
plastic package types unless otherwise noted) 


OP-37E OP-37F OP-37G 
Parameters Test Conditions Min Typ Max; Min Typ Max; Min Typ Max 
Input Offset Voltage’ 40 140 | 55 220 | pV 


Average Input Offset uV/C 
Voltage Drift? 


1.8 
input Offset Current | to so] 145 | 20195 | 
Input Bias Current +14 +60 +18 +95 +25 +150 


Input Voltage Range ae +10.5 +11.8 £105 11.8 +10.5 +11.8 


Common Mode Voy = £10V 110 124 102 121 118 
Rejection Ratio 
118 


0.4 
20 
96 
90 114 
Large Signal Voltage Gain | R, >2kQ,V,=+10V | 750 1500 V/mV 


Power Supply V, +4.5V to +18V 97 
Rejection Ratio 
[Vimy 
11.4 413.5 +11 413.3 


Output Voltage Swing $11.7 213.6 


Notes: 


1. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after applica- 
tion of power. 


2. T.Vos performance is guaranteed unnulled or when nulled with R, = 8.0 kQ to 20 kQ. 
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Typical Performance Characteristics 


Gain (dB) 


Gain (dB) 


4-88 


0.1 Hz to 10 Hz Noise Test Circuit 


510Q 0.1 pF 


Voltage Gain 
= 50,000 


Note: All capacitor values are for non polarized capacitors only 


0.1 Hz to 10 Hz Peak-to-Peak Noise 
Tester Frequency Response 


Tor 
CeCe LTE LUTTMING TT 
COUT UTE TUT AMT 
Seae all 


Test Time of 10 Sec Further 


Limits Low Frequency (<0.1 Hz) 


Gain 


Frequency (Hz) 


Gain, Phase Shift vs. Frequency 


Ae 
Ch 
THT dl 
CATING TT fez Th 
AHN ESS 
Th tae RSH THI eo 
rh” TENS 


1 100 
vies oe 


Phase Shift (Degrees) 


Open Loop Voltage Gain (dB) 


Supply Current (mA) 


Aaytheon 


1 10 10? 
Frequency (Hz) 


Supply Current vs. Supply Voltage 


Total Supply Voltage (Volts) 
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Typical Performance Characteristics (Continued) 


Output Swing (Volts) 


Open Loop Gain (V/V) 


Common Mode Range (Volts) 


Maximum Output Swing vs. 
Resistive Load 


— es ee 


age” 
ee ol 
| AA Negative a RELI 
(/A | swing | fT [Ct 


a ee | 

PT TTT rie asec HTT 

ae 2) | ni 

atl TTT tt TT 
0 


.1 1.0 10 


Load Resistance (k 


Open Loop Voltage Gain vs. 
Supply Voltage 


Total Supply Voltage (Volts) 


Common Mode Input Range 
vs. Supply Voltage 


es ee ee 


Ta = +25°C 


Short Circuit Current (mA) 


Peak-to-Peak Output Voltage (Volts) 


Hz) 


Voltage Nolse (nV. 


Short Circuit Current vs. Time 


Time From Output Shorted to Ground (Minutes) 


Maximum Undistorted Output 
vs. Frequency 


Soe ET 
a a || 
UIE IN TIUTT ve=25", I] 


28 


24 
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OP-37 Voltage Noise 
vs. Frequency 
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Typical Performance Characteristics (Continued) 


A Comparison of Op Amp 


Voltage Nolse Spectrums Current Noise vs. Frequency 
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Typical Performance Characteristics (Continued) 


Input Bias Current vs. Temperature Input Offset Current vs. Temperature 
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Typical Performance Characteristics (Continued) 


Slew Rate vs. Supply Voltage Slew Rate vs. Load 
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Total Noise vs. Source Resistance 
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Typical Applications 


Low Impedance Microphone Preamp 
(Figure 1) 


In this preamp the transformer converts the low 
microphone impedance up to a value that is 
close to the optimum source impedance re- 
quired by the OP-37 for best noise perform- 
ance. The optimum source impedance can be 
calculated as the ratio of en/in which for the 
OP-37 is approximately 7000Q. Fortunately the 
noise performance does not degrade apprecia- 
bly until the source impedance is four or five 
times this optimum value. The source imped- 
ance at the output of this transformer of 15 kQ 
still provides near optimum noise performance. 
(A high quality audio transformer with a step-up 
ratio of 6.7 to one is not available.) C1 rolls off 
the high frequency response at 90 kHz giving a 
noise power bandwicth of 140 kHz. 


Instrumentation 


The OP-37 is particularly adaptable to instru- 
mentation applications. When wired into a 
single op amp difference amplifier configura- 
tion, the OP-37 exhibits outstanding common 
mode rejection ratio. The spot voltage noise is 
So low that it is dominated almost entirely by 
the resistor Johnson noise. 


The three op amp instrumentation amplifier of 
Figure 4 avoids the low in put impedance 
characteristics of difference amplifiers at the 
expense of two more operational amplifiers and 
a slight degradation in noise performance. The 
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noise increases because two amplifiers are 
contributing to the input voltage spectral noise 
instead of one. Thus, the noise contribution, 
exclusive of resistor Johnson noise, increases 
by slightly more than the V2. The spectral noise 
voltage increases from approximately 3 nV/VHz 
to approximately 4.9 nV/VHz, with the third 
amplifier contributing about 10% of the noise. 
The gain of the input amplifier is set at 25 and 
the second stage at 40 for an overall gain of 
1000. R7 is trimmed to optimize the common 
mode rejection ratio (CMRR) with frequency . 
With balanced source resistors a CMRR of 100 
dB is achieved. With a 1 kQ source impedance 
imbalance CMRR is degraded to 80 dB at 5 
kHz due to the finite (8 GQ) input impedance. 


DAC Current to Voltage Converter 


Many high speed voltage output D/A conver- 
sion applications require a high speed op amp 
to convert a standard current output DAC (such 
as a DAC-08 or DAC-10) to voltage output. The 
OP-37 is ideal for this because it has the speed 
and settling time for fast data conversion, but 
still has excellent de specifications to ensure 
high accuracy . 


The 3602 resistor is required to increase the 
effective gain of the OP-37 to meet the mini- 
mum gain requirement for stability. The high 
speed of the OP-37 allows a conversion time of 
1 uS to 1/2 LSB in this circuit. In addition, the 
low V,, and V,, drift of the OP-37 comple- 
ments the high accuracy of the DAC-10, and 
the high output drive capability allows connec- 
tion to demanding loads. 
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Microphone = 1:10 
(1509) Jensen Transformer a. V rer + 10V 
JENSK-E = 100 (REF-01) 
. 65-0321 


100K 


Vour = 1000 (AV in) 
= AV w(R2/R1) 


65-0353 


Figure 2. A Single Op Amp IC Difference Amplifier Using an OP-37. 
The Difference Amplifier is Connected for a Gain of 1000. 


100K 


Avci= 1000 
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Figure 3. Common Mode Rejection Ratio Test Circuit 
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Figure 5. D/A Converter Application 
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Schematic Diagram 
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OP-47 

Low Noise, 
High Slew Rate 
Operational 
Amplifier 


Features 
@ Very low noise 
Spectral noise density — 3.0 nV/VHz 
1/f noise corner frequency — 2.7 Hz 
@ Very low V_,, drift 
0.2 wV/Month 
0.2 pV/C 
@ High gain — 1.8 million 
@ High output drive capability -+12V into 600Q 
load 
@ High slew rate — 50 V/uS 
@ High gain bandwidth product — 63 MHz 
™@ Good common mode rejection ratio -126 dB 
@ Low input offset voltage — 10 pV 
@ Minimum low frequency noise —.08 1Vp-p 
(0.1 Hz to 10 Hz) 
@ Low input bias and offset currents -10 nA 
lm Compensated for ac stability with AVCL >400 
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Description 


The OP-47 is designed for instrumentation 
grade signal conditioning where low noise (both 
spectral density and burst), wide bandwidth, 
and high slew rate are required along with low 
input offset voltage, low input offset tempera- 
ture coefficient, and low input bias currents. 
The OP-47 is a decompensated version of the 
OP-27 and is ac stable in closed-loop gain 
configurations greater than or equal to 400. 


Digital nulling techniques performed at wafer 
sort make it feasible to guarantee temperature 
stable input offset voltages as low as 25 LV. 
Input bias current cancellation techniques are 
used to obtain 10 nA input bias currents. 


The OP-47 design uniquely addresses the 
needs of the instrumentation designer. Power 
supply rejection and common mode rejection 
are both in excess of 120 dB. Input offset 
voltage can be externally trimmed without 
affecting input offset voltage drift with tempera- 
ture or time. The drift performance is, in fact, 
so good that the system designer must be 
cautioned that stray thermoelectric voltages 
generated by dissimilar metals at the contacts 
to the input terminals are enough to degrade its 
performance. For this reason it is also impor- 
tant to keep both input terminals at the same 
relative temperature. 


The OP-47 is available in LCC, SO-8 (small- 
outline), TO-99 can, plastic mini-DIP and 
ceramic mini-DIP packages, and can be or- 
dered with Mil-Std-883 Level B processing. 


Raytheon 4-97 


Section 4 


Connection Information 


8-Lead 8-Lead Plastic 
TO-99 Metal Can Dual In-Line SO-8 


(Top View) (Top View) 


Dual In-Line Package 
(Top View) 


p 
= 


Function 


ONOOAWND — 


20-Pad LCC 
(Top View) 
3 2 1 20 19 


Function 
Vog Trim 
-Input 
+Input 
“Vz 
Output 
+V, 

Vog Trim 


OP-47 


Ordering Information 


Pant Number 


Operating 
Temperature 
Range 


OP-47EN 0°C to +70°C 
OP-47FN 0°C to +70°C 
OP-47GN 0°C to +70°C 
OP-47EM 0°C to +70°C 
OP-47FM 0°C to +70°C 
OP-47GM 0°C to +70°C 


OP-47ED -25°C to +85°C 
OP-47FD -25°C to +85°C 
OP-47GD -25°C to +85°C 
OP-47ET -25°C to +85°C 
OP-47FT -25°C to +85°C 


OP-47GT -25°C to +85°C 


OP-47AD -55°C to +125°C 


~rHaeaet aA AAOOOCCC9o sao00 erases 


OP-47AD/883B -55°C to +125°C 
OP-47BD -55°C to +125°C 
OP-47BD/883B -55°C to +125°C 
OP-47CD -55°C to +125°C 
OP-47CD/883B -55°C to +125°C 
OP-47AT -55°C to +125°C 
OP-47AT/883B -55°C to +125°C 
OP-47BT -55°C to +125°C 
OP-47BT/883B -55°C to +125°C 
OP-47CT -55°C to +125°C 
OP-47CT/883B -55°C to +125°C 
OP-47AL/883B -55°C to +125°C 
OP-47BL/883B -55°C to +125°C 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

D = 8 lead ceramic DIP 

T = 8-lead metal can (TO-99) 

L = 20-pad leadless chip carrier 

M = 8-lead plastic SOIC 

Contact a Raytheon sales office or representative for 
ordering information on special package/ftemperature 
range combinations. 
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Absolute Maximum Ratings 


Supply Voltage ............:ccccessssccceececesssreeeeeees +22V 
WNDU VONAOS™ oss ciisivsansensvaccacnsssssnskinvenctareeres +22V 
Differential Input Voltage ................eeeeeeees 0.7V 
Internal Power Dissipation” ................. 658 mW 
Output Short Circuit Duration .............. Indefinite 
Storage Temperature 

PANGS bianannutniencidece: -65°C to +150°C 
Operating Temperature Range 

OPA IAI ENG soissisccssrsireasisiasiss -55°C to +125°C 

OP-47E/F/G (Hermetic) .......... -25°C to +85°C 

OP-47E/F/G (Plastic) ................. 0°C to +70°C 
Lead Soldering Temperature 

(50-8, 10 SOC) nchitsusccosscenssaivsicetacerstinnn: +260°C 

(DIP, LCC, TO-99; 60 sec)..............066 +300°C 


“For supply voltages less than +22V, the absolute maxi- 
mum input voltage is equal to the supply voltage. 
**Observe package thermal characteristics. 


Thermal Characteristics 


Max. Junction Temp. 


8-Lead 
Small 
Outline 


Therm. Res 8,, 
JA 


: 
ax. Pp7,<500 | 00mW | e23mW | e58 mW | G25mw | 468 mW 
| asc a 
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Mask Pattern 


Die Size: 75 x 80 mils 
Min Pad Dimensions: 4 x 4 mils 


65-01681A 


20-Pad 
LCC 


For T, >50°C Derate at | 4.17 mW/C | 8.33 mW/C | 5.26 mW/C | 7.0 mW/C | 6.25 mW/C 
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Electrical Characteristics (V, = +15V and T, = +25°C unless otherwise noted) 


a= OPATBIE 
Test Conditions Min TH Min Typ Max Min Typ Max 


Input Offset Voltage® a as 


Long Term Input Offset 
Voltage Stability’ ¢ 
+10 +40 +12. +55 +15 +80 


Input Offset Current 35 | 90 50 | 
0.08 0.18 0.08 0.18 0.09 0.25 


mre 


Input Bias Current Po. 
re = 10 Hz 


Input Noise Voltage F,, = 30 Hz 


f= 10Hz 
Input Resistance 
(Diff. Mode)‘ 
Input Resistance 
(Com. Mode) 
Input Voltage Range® — +11 412.3 +1 4123 411 +123 
Rejection Ratio 


a) 


Power Supply V, t4V to +18V 100 
Rejection Ratio 
R, > 2 kQ, Vo =+10V;} 1000 1800 1000 1800 
R, 2) kQ,V,=+10V{} 800 1500 800 1500 
9 =t1V, V, = +4V4 250 700 250 700 200 500 
+12 +13.8 +12 +13.8 $11.5 +13.5 
Output Voltage Swing A ao 211. £12 +11 +12 £11. 412 
i 
Gain Bandwidth Product* F,, = 10 kHz 
F. = 1 MHz 
Open Loop Output =0,1,=0 
Resistance 


— 
Offset Adjustment Range +4.0 +4.0 


Notes: 

1. Long Term Input Offset Voltage Supply refers to the average trend line of V... vs. Time over extended periods after the first 30 days of 
operation. Excluding the initial hour of operation, changes in V_,, during the fi rst 30 operating days are typically 2.5 pV. 

2. This parameter is tested on a sample basis only. 

3. Caution: The Common Mode Input Range is a function of supply voltage. See Typical Performance Curves. Also, the input protection 
diodes do not allow the device to be removed or inserted into the circuit without first removing power. 

4. Parameter is guaranteed but not tested. 

5. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power. 


700 1500 


Large Signal Voltage Gain V/mV 
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Electrical Characteristics v, = +15v, 55°C <T, <+125°C unless otherwise noted) 


Test Conditions Min Typ Max| Min Typ Max 


4 


| OP-47B. 
Average Input Offset 0 1.8 | pvc 
Voltage Drift? 
+20 +60 +28 +95 +35 +150 | nA | 


P| 10.8 411.5 +10.3 £115 +10.2 $11.5 V 


Input Voltage Range 
Common Mode Vow = £10V 
Rejection Ratio 
Power Supply V, +4.5V to +18V 86 110 dB 
Rejection Ratio 
| 600 12000 


Large Signal Voltage Gain | R, >2kQ,V,=+10V| 600 1200 
Output Voltage Swing $11.5 +13.5 +11 +13.2 +10.5 +13 


Electrical Characteristics (V, = +15V, -25°C <T, < +85°C for hermetic package types, 0°C <T, <+70°C for 
plastic package types unless otherwise noted) 


OP-47E OP-47F OP-47G 
Parameters Test Conditions Min Typ Max; Min Typ Max! Min Typ Max 
Input Offset Voltage’ 40 140 pV 


Average Input Offset 0.4 18 | pV°C 
Voltage Drift? 
6 


Input Offset Current =| | 20135 | nA 
Ls. +14 +60 +18 +95 +25 +150 


Input Bias Current 
Input Voltage Range +10.5 +11.8 +10.5 +11.8 +10.5 +11.8 


5 att. 
Common Mode Vow = £10V 96 118 
Rejection Ratio 
Power Supply V, = +4.5V to +18V 97 118 
Rejection Ratio 


Large Signal Voltage Gain | R, 2>2kQ,V,=+10V |} 750 1500 700 1300 450 1000 V/mV 


Output Voltage Swing R, 22 kQ $11.7 +13.6 $11.4 +13.5 +11 +13.3 


Notes: 


1. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after applica- 
tion of power. 


2. T.Vos performance is guaranteed unnulled or when nulled with R, = 8.0 kQ to 20 kQ. 
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Typical Performance Characteristics 


0.1 Hz to 10 Hz Noise Test Circuit 


10Q 
= 2kQ 
OP-47 4.3k 2.2 UF Scope 
D.U.T x1 
obs 
4.7 UF Rw =1MQ 
Voitage Gain 
le = 50,000 | aa | a 


Note: All capacitor values are for non polarized capacitors only se 65-1683 


0.1 Hz to 10 Hz Peak-to-Peak Noise 
Tester Frequency Response Open Loop Gain vs. Frequency 


TIN 


a Spee poppe 
s : pt | 
7 i eee i terse | 
| RL =2kQ 
0 1 10? 10° 10° 10° 10° 10” 10° 
Frequency (Hz) Open Loop Voltage Gain (dB) 
Gain and Phase Shift vs. Frequency Supply Current vs. Supply Voltage 
100 
a T, = 425°C wll a 
. vs daw ii : 
_ +40 é z 
o +20 3 S 
c > Oo 
6 ? 3 = 
20 a 2 
-40 | 100 mV Output Con 8 
60 $ 
0.1 
100 mV Output Constant Total Supply Voltage (Volts) 
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Typical Performance Characteristics (Continued) 


Short Circuit Current vs. Time 


Maximum Output Swing vs. Resistive Load 


bs 


3 ¢ & & 


($3104) Buyms yndyno 


<3 oeaewno 


Time From Output Shorted to Ground (Minutes) 


Load Resistance (k9} 


ency 


vs. Frequ 


Maximum Undistorted Output 


Open Loop Voltage Gain vs. Supply Voltage 


(A1/A) ued doo7 uedo 


Frequency (Hz) 


Total Supply Voltage (Volts) 


OP-47 Voltage Noise vs. Frequency 


Common Mode Input Range 
vs. Supply Voltage 


(s}}OA) eBuey epow; uowwos 


Frequency (Hz) 


Supply Voltage (Volts) 
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Typical Performance Characteristics (Continued) 


Hz) 


Voltage Noise (nV/ 


Voltage Noise (nV/\ Hz} 


Change in Input Offset Voltage (,.V) 
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A Comparison of Op Amp 
Voltage Noise Spectrums 


SSeS 00 Aro ‘1/F Corner ooo 
——<— +t ee 


1 10 100 1000 
Frequency (Hz) 


Voitage Noise vs. Supply Voltage 


at 10Hz 


at 1.0kHz 
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Supply Voltage 


Warm-Up Drift 


Ta = +25°C 
Vs = +15V 


I eee 


enna 
Anna 


3 4 3 
Time After Power On (Minutes) 
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Hz} 


Current Noise (pA/ 


Voltage Noise (nV/\/ Hz} 


Input Bias Current (nA) 


Current Noise vs. Frequency 
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Voltage Noise vs. Temperature 
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Input Bias Current vs. Temperature 
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Typical Performance Characteristics (Continued) 


Input Offset Current vs. Temperature Open Loop Voltage Gain vs. Load Resistance 
50 2.4 
PT fet fg eg 
40 2.0 al 
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16 ent 


a ll 
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Load Resistance (K} 
PSRR vs. Frequency CMRR vs. Frequency 


pot tT | tar vei | 
| | | TT 


mNe Negative 


o 

Ss 

= 80 

= al ie SAWN = i 

ds aNe CTE ACC 
S < 

/ LIT UTI UI Pr 
-* : Baile 


1 10 102 103 104 105 108 10’ 108 10° 104 10° 108 10’ 


Frequency (H 
Frequency (Hz) cpeney (2) 


OP-47 0.1Hz to 10Hz Peak-to-Peak Noise 
Vertical Scale 50nV/Division 
Recorder Speed 8 Divisions/Min Supply Voitage vs. Slew Rate 


50nV/Div 
16 Divisions/Minute 


Slew Rate (V/uS} 


we 

sea i 
Tet ttt tt tet et 
oo be poe 
} | ft tf | | | [ | fg +3 +6 4 «469+9 «6+12 «+15 «+18 +21 
ttt tt B Supply Voltage (Volts) 


Raytheon 4-105 


Section 4 OP-47 


Typical Performance Characteristics (Continued) 


Load Resistance vs. Slew Rate Total Noise vs. Source Resistance 


Ta = +25°C 
Vs = *15V 


ll 
oly Anes 


Slew Rate (V/ u:S) 


Total Nolse (nV/VHz) 


Load Resistance (kQ) Source Resistance (Q) 


Burn-in Circuit Offset Nulling Circuit 


+20V 


-20V 65-1692 


“Vs 65-01694 
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Typical Applications 


Low Impedance Microphone Preamp 
(Figure 1) 


In this preamp the transformer converts the 
low microphone impedance up to a value that 
is close to the optimum source impedance 
required by the OP-47 for best noise perform- 
ance. The optimum source impedance can be 
calculated as the ratio of e/i, which for the 
OP-47 is approximately 7000Q. Fortunately 
the noise performance does not degrade 
appreciably until the source impedance is four 
or five times this optimum value.The source 
impedance at the output of this transformer, of 
15 kQ, still provides near optimum noise 
performance. (A high quality audio trans- 
former with a step-up ratio of 6.7 to one is not 
available.) . C1 rolls off the high frequency 
response at 90 kHz giving a noise power 
bandwidth of 140 kHz. 


Instrumentation 


The OP-47 is particularly adaptable to instru- 
mentation applications. When wired into a 


Microphone = 1:10 


(150% Jensen Transformer 


JE-115K-E 
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single op amp difference amplifier configura- 
tion, the OP-47 exhibits outstanding common 
mode rejection ratio. The spot voltage noise 
is so low that it is dominated almost entirely 
by the resistor Johnson noise. 


The three op amp instrumentation amplifier of 
Figure 2. avoids the low input impedance 
characteristics of difference amplifiers .The 
noise increases because two amplifiers are 
contributing to the input voltage spectral 
noise. The noise contribution, exclusive of 
resistor Johnson noise, increases by slightly 
more than the V2. The spectral noise voltage 
increases from approximately 3 nV/VHz to 
approximately 4.9 nV/VHz, with the third 
amplifier contributing about 10% of the noise. 
The gain of the input amplifier is set at 25 and 
the second stage at 400 for an overall gain of 
1000. R7 is trimmed to optimize the common 
mode rejection ratio (CMRR) with frequency. 
With balanced source resistors a CMRR of 
100 dB is achieved. With a 1 kQ source 
impedance imbalance CMRR is degraded to 
80 dB at 5 kHz due to the finite (3 GQ) input 
impedance. 


65-1695 


Figure 1. Low Impedance Microphone Preamplifier 
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R5 R8 
500 (0.1%) 200K (0.1%) 


AVin 


Trim R2 for Avci = 10000 
Trim R10 for dc CMMR ma 
Trim R7 for minium Voyr at Vom= 20 Vpp, 10 kHz - 
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Figure 2. Three Op Amp IC Instrumentation Amplifier 
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OP-47 


Schematic Diagram 
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OP-77 Se ries Description 
- re C S 4 O Nn Designed to upgrade OP-07 and other similar 


precision op amps, the OP-77 offers ultra high 


O pe rat ; O nN a ; performance in applications requiring high gain, 


ae superior gain-linearity, and extremely low 
A mM p | : fl ers TCV,,-. The OP-77’s outstanding gain-linearity, 
which eliminates incorrectable system nonlin- 
earities common in previous precision op amps, 
is achieved by an exceptional open-loop gain of 
more than 10 million maintained over +10V 


Features output range. The excellent TCV, of 0.3 pV/°C 
maximum, plus an extremely low power con- 


and reliability. A patented, proprietary V,,, trim- 
High PSRR — 110 dB min ming method after packaging significantly 
Replaces OP-07, 108, 725, 741 types enhances yield and availability of top grade 
(A/E) devices. 


@ Ultra high gain — 5000 V/mV min sumption of 35 mW (which reduces warm-up 

M Outstanding gain linearity drift ) significantly increases system accuracy 

w Ultra low V... drift — 0.3 uV/"C max over temperature. These characteristics, along 
08 7 with low V,<, low I... high CMRR, high PSRR, 

Mm Low V,,—25 nV max and low input noise levels, combine to raise the 

M@ Low noise — 0.3 pV, (0.1 to 10 Hz) performance level of many high-resolution 

m Low power consumption - 35 mW instrumentation and data conversion systems. 

M@ Low input offset current — 1.5 nA max Advanced circuit design and wafer processing 

H High CMRR — 120 dB min are Raytheon’s added advantages in quality 

& 

a 

& 


Wide range of package types 
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OP-77 


Ordering information 


Part Number 


Operating 
Temperature 
Range 


OP-77EN 0°C to +70°C 
OP-77FN 0°C to +70°C 
OP-77GN 0°C to +70°C 
OP-77FM 0°C to +70°C 
OP-77GM 0°C to +70°C 


OP-77ET -25°C to +85°C 
OP-77FT -25°C to +85°C 
OP-77ED -25°C to +85°C 
OP-77FD -25°C to +85°C 


OP-77AT -55°C to +125°C 
OP-77AT/883B* -55°C to +125°C 
OP-77BT -55°C to +125°C 
OP-77BT/883B* -55°C to +125°C 
OP-77AD -55°C to +125°C 
OP-77AD/883B* -55°C to +125°C 
OP-77BD -55°C to +125°C 
OP-77BD/883B* -55°C to +125°C 
OP-77AL/883B* -55°C to +125°C 


OP-77BL/883B* -55°C to +125°C 


mrogoocodaade- vos leases 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

D = 8 lead ceramic DIP 

T = 8-lead metal can (TO-99) 

L = 20-pad leadless chip carrier 

M = 8-lead plastic SOIC 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 


Raytheon 


Operational Amplifiers 


Connection Information 


8-Lead 8-Lead 
TO-99 Metal Can Dual In-Line Package 
(Top View) (Top View) 


8-Lead Plastic Pin Function 
Dual In-Line SO-8 Vos Trim 


(Top View) 


{ 
2 
3 
4 
5 
6 
f 
8 


20-Pad LCC 
(Top View) 
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section 4 OP-77 


Absolute Maximum Ratings Mask Pattern 
DUO VONAGE cancesiarssinnsoniesshivrasitanivnbnanntenansias +22V 
DUE VOURIG sac cnsicissiviaweeiasctimencoh sbuadecrorsaane +22V 
Differential Input Voltage............ eee 30V 
internal Power Dissipation” ................. 500 mW 
Output Short Circuit Duration .............. Indefinite 
Storage Temperature 
PRONG savivsvsdneianteatoontexsousacancs -65°C to +150°C 
Operating Temperature Range 
OOP TAS srececneeevececeepsectesienis -55°C to +125°C 
OP77E,F,G (Hermetic) .......... -25°C to +85°C 
OP77E,F.G (PIASUC) ccavesocdcesieve 0°C to +70°C 
Lead Soldering Temperature 
TO-99, DIP, LCC (60 sec) ................. +300°C 
SO-8 (10 SOC) .......cccceeesssseeeeeeeeseeseeees +260°C ae 


Die Size: 75 x 78 mils 


*For supply voltages jess than +22V, the absolute maximum Min. Pad Dimensions: 4 x 4 mils 
input voltage is equal to the supply voltage. 
**Observe package thermal characteristics. 


Thermal Characteristics 


8-Lead _ 
Plastic 8-Lead 
LCC Ceramic DIP | Metal Can SO Plastic DIP 


68m 
BN I 
8, 150°C/W 


20-Pad 


Therm. Res. 8 105°C/W 190°C/W 240°C/W 160°C/W 
| For T, >50°C Derate at | 7.0 mW/°C | 8.33 mW/C |5.26 mW/C | 4.17 me 6.25 mW/C 
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OP-77 Operational Amplifiers 


Electrical Characteristics (v, = +15v and T, = +25°C unless otherwise noted) 


Parameters Test Conditions Min Typ Max Min Typ Max Units 


Input Offset Voltage® ae +10 +25 +20 +60 wV 
Input Offset Current : : 


Input Bias Current 
| Input Noise Voltage* 


0.14 
0.12 


0.23 
0.17 


116 140 dB 
110 120 dB 
2000 8000 VimV 


Input Voltage Range‘ 

Common Mode Rejection Ratio V 

Power Supply Rejection Ratio V 
V 


Large Signal Voltage Gain 


Notes: 

1. Long Term Input Offset Voltage Stability refers to the averaged trend line of V, vs. Time over extended periods after the 
first 30 days of operation. Excluding the initial hour of operation, changes in V_,, during the first 30 operating days are 
typically 2.5 pV. 

2. Guaranteed by design. 

3. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after applica- 
tion of power. The OP-77A/E grades in T, D, and L packages are tested fully warmed up. 

4. The input protection diodes do not allow the device to be removed or inserted into the circuit without first removing power. 

5. Sample tested. 
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Section 4 OP-77 


Electrical Characteristics (vy. = +15V and T, = +25°C unless otherwise noted) 


Parameters Test Conditions Max 


Min Typ Max! Min Typ Max} Min_ Typ 
Input Offset Voltages 


+10 +25 +20 +60 +50 +100 pV 
Long Term Input u.V/Mo 
Offset Voltage Stability’ 


Input Offset Current +0.3 +15 40.3 +2.8 +0.3 +2.8 


| InputBiasCurrent = | | St tO]? 428] 2 428] nA 
Input Noise Voltage* | 035 0.6 0.38 0.65 | 

ffe=10H | 0a we | vos_m0[ 108 mo 
Input Noise Voltage F, = 100 Hz | 1013 | 10.2 135] 10.2 13.5 | 
Density re, =tooore | 86 1 | es 15] 98 8 


fFo=tom | 0a os|  0a5 09 
Input Noise Current /Fo=100Hz = | 0.14 0.23] = 0.15 0.27) 0.15 0.27] pA 


Input Resistance 26 8645 18.5 45 18.5 45 
(Diff. Mode) 
Input Resistance 
(Com. Mode) 
Input Voltage Ranges a +13 +14 +13 +14 +13 +14 V 
Common Mode Vow = £13V 120 140 116 14 116 dB 
Rejection Ratio 
5 = 2 


140 140 

Power Supply V, = +3V to+18V 110 123 110 123 

Rejection Ratio 

Large Signal Voltage Gain | R, 22 kQ, 5000 12000 2000 6000 2000 6000 V/mV 

Vo = +10V 

R, 210 kQ +13 14135 413 +135 #13 +13.5 

R, 22 kQ 212.5 +13 £125 +13 4125 213 V 
2 2125 ([ai2 4125 (| 212 2125 


01 02 | o1 02 | vas 
Closed-Loop Bandwidth 0408 Mz 
Open Loop Output Vo = 9,1, =0 
Resistance 

[20 4s [a0 4s | 20a 

s 


Notes: 

1. Long Term Input Offset Voltage Stability refers to the averaged trend line of V.,, vs. Time over extended periods after the 
first 30 days of operation. Excluding the initial hour of operation, changes in V,,, during the first 30 operating days are 
typically 2.5 pV. 

Guaranteed by design. 

Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after applica- 
tion of power. The OP-77A/E grades on T, D, and L packages are tested fully warmed up. 

The input protection diodes do not allow the device to be removed or inserted into the circuit without first removing power. 
Sample tested. 


oP PhP 
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OP-77 Operational Amplifiers 


Electrical Characteristics (V, = +15V, -55°C < T, < +125°C unless otherwise noted) 


Parameters Test Conditions 


Average Input Offset 
Current Drift? 


Input Bias Current 


Average Input Bias 
Current Drift? 


Input Voltage Range 

Common Mode Rejection Ratio 
Power Supply Rejection Ratio 
Large Signal Voltage Gain 


Maximum Output Voltage 
Swing 


Power Consumption 


Electrical Characteristics 
(V, = £15V; -25°C < T, < +85°C for T, D, and L packages; 0°C < T, < +70°C for N and M packages unless otherwise noted) 


OP-77E OP-77F OP-77G 
Parameters Test Conditions Min Typ Max |Min Typ Max |Min Typ Max 
input Offset Voltage 
Average Input Offset 


03° 12 
Voltage Drift 


Input Offset Current a 40,5 22.2 +0.5 +4.5 +0.5 +45 


Average Input Offset +1.5 +40 21.5 +85 £15. £85 
Current Drift? 
+2.4 +4.0 +2.4 +6.0 +2.4 +6.0 


Average Input Bias +8 +40 +15 +60 +15 +60 
Current Drift? 


Input Voltage Range +13 +135 £13 +135 
Common Mode Rejection | V.,=+13V 120 140 110 140 110 140 d 
Ratio 
Power Supply Rejection V, = t3V to +18V 110 120 106 120 106 120 d 
Ratio 


Large Signal Voltage Gain] R, 22 kQ 2000 6000 1000 4000 1000 4000 V/mV 
V,, = +10V 
L 


V 
Output Voltage Swing +12 +13 £12 £13 2 413 V 


1. 100% tested for Grade A on T, and L packages. 
2. Sample tested. 


B 
B 
W 
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Section 4 OP-77 


415 pV 


— 
Ee 


65-03817 


Vout 


Typical Precision Op Amp Gain Linearity 


Vo = 1000 Vog 


* Resistors must have low 
thermoelectric potential 65-03821 


-15V 65-0822 


Test Circuit for Offset Voltage and improved Sensitivity V,. Adjustment 


Its Drift With Temperature 
51022 0.1 pF 
1022 
2kQ 
4.3K 2.2 LF Scope 
x1 
Rin = 1MQ 
4.7 IN 
Device a 22 
pean Under Test ° al 110K 
24.3K = = 
0.1 pF 

The device under test should be warmed up 
for 3 mins and shielded from alr currents. en 65-03823 


0.1 Hz to 10 Hz Noise Test Circuit 
(peak to peak noise measured in 10 sec interval) 
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OP-77 


Typical Applications 


-15V 


Operational Amplifiers 


So Vout 
0<Vour < 10V 


The high gain and low TCV_,, assure accurate operation with inputs from microvolts to volts. In this circuit, the signal always 
appears as a common-mode signal to the op amps. The OP-77E CMRR of 1 V/V assures errors of less than 2 ppm. 


Precision Absolute Value Amplifier 


1N4579A 
6.4V t5%, 
+5ppm/°C 


6.4kQ 


Avec — 1.6 


65-04018 


This simple bootstrapped voltage reference provides a 
precise 10V virtually independent of changes in power 
supply voltage, ambient temperature and output load- 
ing. Correct zener operating current of exactly 2 mA is 
maintained by R1, a selected 5 ppm/‘C resistor, con- 
nected to the regulated output. Accuracy is primarily 
determined by three factors: the 5 ppm/°C tempera- 
ture coefficient of D1, 1 ppm/’C ratio tracking of R2 
and R3, and operational amplifier V., errors. 


Vos errors, amplified by 1.6 (A,,,), appear at the 
output and can be significant with most monolithic am- 
plifiers. For example: an ordinary amplifier with TCV, 
of 5 uV/C contributes 0.8 ppm/C of output error while 
the OP-77, with TCV,,, of 0.3 pV/C, contributes but 
0.05 ppm/"C of output error, thus effectively eliminat- 
ing TCV,, as an error consideration. 


High Stability Voltage Reference 


_ Positive Current Sink 


Vin 
Ilo= "Ri 


Vm > OV 
Full Scale of 1V 
i=1ANV 


These simple high current sinks require that the load 
float between the power supply and the sink. 


In these circuits, OP-77's high gain, high CMRR, and 
low TCV,,, assure high accuracy. 


Precision Current Sinks 
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OP-77 


Section 4 


Simplified Schematic Diagram 


Raytheon 
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RC4097 


RC4097 Series 
Low-Power, 
High Precision 
Operational 
Amplifiers 


Features 
@ Low input offset voltage — 15 nV max 
Mi Low V_, drift — 0.3 nV/'C max 
MM Low input bias current — 
+25°C, 100 pA max 
-55°C to +125°C, 600 pA max 
M High gain — 1000 V/mV min 
@ High CMRR — 120 dB min 
Mi High PSRR 114 dB min 
lf Low supply current — 600 pA max 
@ Low noise — 0.5 WV» (0.1 to 10 Hz) 
@ Replaces OP-97, LT1012 


Operational Amplifiers 


Description 


The RC4097 is a micropower device that can 
be used to improve the performance of a wide 
range of precision operational amplifier appli- 
cations. Essentially, a low-power idling current, 
low |, version of the popular OP-07 industry 
type, the RC4097 can replace FET-input op 
amps in circuits requiring low input bias cur- 
rents while realizing significant improvements 
in voltage noise, Vos. and V.. drift. The other 
input specifications, such as CMRR and 
PSRR, support the high level of precision 
performance, allowing upgrading of many 
instrumentation, low-level signal conditioning, 
sample-and-hold, and data conversion applica- 
tions. 


The superb performance of the RC4097 is a 
result of advanced design and processing 
techniques, including post-package trimming of 
the input offset voltage, and superbeta proc- 
essing of the input transistors. Picoampere 
input bias currents are maintained over the full 
military temperature range through the use of 
bias cancellation techniques in the design of 
the input stage. The RC4097 offers lower Vos 


drift, lower V.., higher open-ioop gain , and 


better CMRR than industry-standard OP-97 or 
LT1012 types. 


The RC4097 is available in 8-lead plastic or 
ceramic DIPs, TO-99 metal cans, and plastic 
small outline packages. Military, industrial, and 
commercial temperature ranges can be se- 
lected, and Mil-Std-883B processing is avail- 
able. 


4-119 


Section 4 


RC4097 


Connection Information 


8-Lead 8-Lead Plastic 
TO-99 Metal Can Dual In-Line SO-8 


(Top View) (Top View) 


Dual In-Line Package 
(Top View) 


= 
= 


Function 


CONOR WD — 


Ordering Information 


Operating 
Part Number Package| Temperature 
Range 


RC4097AN 0°C to +70°C 
RC4097EN 0°C to +70°C 
RC4097FN 0°C to +70°C 
RC4097EM 0°C to +70°C 
RC4097FM 0°C to +70°C 


RV4097ET 
RV4097FT 
RV4097ED 
RV4097FD 


RM4097AT 


-25°C to +85°C 
-25°C to +85°C 
-25°C to +85°C 
-25°C to +85°C 


-55°C to +125°C 


cio iohok 


RM4097AT/883B -55°C to +125°C 
RM4097AD -55°C to +125°C 
RM4097AD/883B -55°C to +125°C 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

D = 8-lead ceramic DIP 

T = 8-lead metal can (TO-99) 

M = 8-lead plastic SOIC 

Contact a Raytheon sales office or representative for 
ordering information on special packageAemperature 
range combinations. 
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RC4097 Operational Amplifiers 


Absolute Maximum Ratings Mask Pattern 


Supply Voltage ..............sccsssssssssssssrscerseeesees LOOV 
IADUE VONAGE” sctasasccesapscoctandszntesesduamciccesmans +22V 
Differential Input Voltage ............eseseeeeeeeee 30V 
Internal Power Dissipation™ ................. 500 mW 
Output Short Circuit Duration .............. Indefinite 
Storage Temperature 
PUNO ony swacdeassmeerenenetuerteaes -65°C to +150°C 
Operating Temperature Range 
PUIG O7 Fr ccasnixitonsvsessssancessnneie -55°C to +125°C 
RV4097E,F (Hermetic) ........... -25°C to +85°C 
RC4097A,E,F (Plastic) .............. O°C to +70°C 
Lead Soldering Temperature 
(OO, TOSCC) sivesicenecetecertoucccanctacsare: +260°C 
(DIP, TO-99; 60 S@C) ...........cceeeeeeeeeeeees +300°C 
“For supply voltages less than +22V, the absolute maxi- 
mum input voltage is equal to the supply voltage. Die Size: 75 x 78 mils 
**Observe package thermal characteristics. Min Pad Dimensions: 4 x 4 mils 


Thermal Characteristics 


8-Lead 
Ceramic 
DIP 


8-Lead 8-Lead 8-Lead 
TO-99 Small Plastic 


Metal Can Outline DIP 


175°C Izo © zo G 


Max. Junction Temp. 


Max. P, T, <50°C g33mw | 658mW 468 mW 
| Therm. Res 8,, 45°C/W 50°C/W = 
Therm. Res. 0), 150°C/W 190°C/W 160°C/W 


| For T, >50°C Derate at 8.33 mMW/C | 5.26 MW/C | 4.17 mMW/C | 6.25 mMW/C 
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Section 4 RC4097 


Electrical Characteristics (v, = +15V and T, = +25°C unless otherwise noted) 


4097A/E 4097F 
Parameters Test Conditions Min Typ Max Min Typ Max 
Input Offset Voltage* RC/RM4097A +7.0 +15 +20 +60 pV 
RC4097E +15 +25 


PtoreTormVoxsiabiny | 
Input Offset Current Pd pA 
input oie Votage” —«d|~osHawione | os | SS, 


Input Noise Voltage Density® 


Notes: 


1. Long Term Input Offset Voltage Stability refers to the averaged trend line of V,, vs. Time over extended periods after the 
first 30 days of operation. Excluding the initial hour of operation, changes in V,,, during the first 30 operating days are 
typically 2.5 pV. 

2. Guaranteed by design. 

3. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after applica- 
tion of power. The RC/RM4097A grades are tested fully warmed up. 


4. The input protection diodes do not allow the device to be removed or inserted into the circuit without first removing power. 
5. Sample tested. 
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RC4097 : Operational Amplifiers 
Electrical Characteristics (v, = +15v, 0°C < T, < +70°C unless otherwise noted) 


RC4097A pV 
RC4097E/F 

Average Input Offset RC4097A 0.1 0.3 04 1.2 

Voltage Drift' RC4097E/F 0.2 0.6 : 1.2 


Input Offset Current 


Parameters 


Average Input Offset 
Current Drift? 


Average Input Bias Current 
Drift? 


+13 
128 


14 24 


Supply Voltage Range Operating +3 


Notes: 
1. 100% tested for A Grade . 
2. Sample tested. 
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Section 4 RC4097 


Electrical Characteristics (V, = +15V,-25°C < T, < +85°C unless otherwise noted) 


Test Conditions 


BS ; ~ 


Parameters 


Input Offset Voltage 
Average Input Offset 


Voltage Drift' 
Input Offset Current 


Average Input Offset 
Current Drift? 
Input Bias Current 


Average Input Bias Current 
Drift? 
Input Voltage Range 


1 
‘Nig 


ee ee 


114 128 


Voy = t10V 
5 =+3.0V to: 


V., = +3.0V to +20V 108 126 


Large Signal Voltage Gain R, 22kQ,V,=+10V |} 600 1500 


Maximum Output Voltage Swing | R, 210 kQ 

Power Consumption R, =< 14 24 

Supply Voltage Range +s +20 
Notes: 


1. 100% tested for A Grade. 
2. Sample tested. 


Common Mode Rejection Ratio 


Power Supply Rejection Ratio 
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RC4097 Operational Amplifiers 


Electrical Characteristics (V, = +15V, -55°C < T, < +125°C unless otherwise noted) 


-<"s 
Parameters Test Conditions 


Average Input Offset 
Voltage Drift’ 
Average Input Offset 
Current Drift? 


Drift? 


Supply Votage Range Cee 


Notes: 
1. 100% tested for A Grade. 
2. Sample tested. 
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Section 4 


Offset Voltage Adjustment 


The input offset voltage of the RC4097, and its 
drift with temperature, are permanently trimmed 
at wafer test to a low level. However, if further 
adjustment of V,, is necessary, nulling with a 
10K or 20K potentiometer will not degrade drift 
with temperature. Trimming to a value other 
than zero creates a drift of (V.,/300) pV/C, 
e.g., if V., is adjusted to 300 pV, the change in 
drift will be 1 pV/°C. The adjustment range with 
a 10K or 20K potentiometer is approximately 
4.0 mV. If less adjustment range is needed, the 
sensitivity and resolution of the nulling can be 
improved by using a smaller pot in conjunction 
with fixed resistors. The example on page 9 
has an approximate null range of +100 pV. 


Unless proper care is exercised, thermocouple 
effects caused by temperature gradients across 
dissimilar metals at the contacts to the input 
terminals, can exceed the inherent drift of the 
amplifier. Air currents over device leads should 
be minimized, package leads should be short, 
and the two input leads should be as close 
together as possible and maintained at the 
same temperature. 


Output Accuracy 


RM4097A 
25°C Max 


Offset Voltage 
Bias Current 


CMRR 

PSRR 

Voltage Gain 

Worst Case Sum 

Percent of Full Scale 
(= 20V) 


.00034% 


4-126 


-55 to +125°C Max 


RC4097 


RC4097 series units may be inserted directly 
into OP-07, OP-05, 725, 108A or 101A sockets 
with or without removal of external frequency 
compensation or nulling components. The 
RC4097 can also be used in 741 applications 
provided that the nulling circuitry is removed. 


The voltage follower is an ideal example illus- 
trating the overall excellence of the RC4097. 
The contributing error terms are due to offset 
voltage, input bias current, voltage gain, com- 
mon-mode and power-supply rejections. Worst- 
case summation of guaranteed specifications is 
tabulated below. 


+12 to +18V 
C) 


Rs 
0to 10 kQ 3 


©) Output 
-10 to +10V 


Input 
-10 to +10V 
-12 to -18V 

65-03820 


Large Signal Voltage Follower With 
0.00065% Worst-Case Accuracy Error 


RC4097A 
0°C to +70°C Max 


RM4097A 


RC4097 Operational Amplifiers 


C) +15V 


C) Output 


e Vo = 1000 Vos 
* Resistors must have low 
thermoelectric potential 65-03821 acelin 
Test Circuit for Offset Voltage and Improved Sensitivity V,., Adjustment 
Its Drift With Temperature 
510Q 0.1 pF 
10Q 
2kQ 
4.3K 2.2 LF Scope 
x1 
Device 2.9 UF 
ont Under Test or 110K 
24.3K — “= 
0.1 WF 
The device under test should be warmed up 
for 3 mins and shielded from air currents. = 65-03823 


0.1 Hz to 10 Hz Noise Test Circuit (peak-to-peak noise measured in 10-sec intervals) 
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Section 4 


Typical Applications 


Unity-Gain Follower Non-Inverting Amplifier 


TO-99 Mini-DIP 
Bottom View _— Bottom View 


1 8 @ @ 1 
89 P66 oe 
° 0 o 
re) Q 
°,° 


65-4222 


Guard Ring Layout and Connections 


R FEEDBACK 


Vier Input 
jase Multiplying 


D/A Converter O Output 


0.1V to 10V 


= oe 65-4223 


Wide Dynamic Range Multiplying DAC 


4-128 Raytheon 


RC4097 


RC4097 Operational Amplifiers 


Typical Applications (Continued) 


© +15V 
2N3609 > 7 
! ° O Vour 
3 4 
& 
+ -15V 
1.018235V 
Saturated 
| Standard Cell R2 
; R3 #101 
100K Ry =R1 (1 +R ) Eppley Labs R1 
Newport, R.I. 
65-4237 
— 65-424 
Resistor Multiplier Long-Life Standard Cell Amplifier 
Vin RI R2 


65-4225 


Composite High-Speed, Precision Amplifier 
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Section 4 


Typical Applications (Continued) 


Vin O- @ 
C) 1V¥ 
Si** 100K 3 U € 
& ®@ 4 5) 1V 
1V 5% 
9M 
r) C) 10V 
10V Bs 4100V 

- 1s a To 1V Full Scale 

900K O Analog to Digitai 

Converter 
F) 100V ~ 
90K * Ratio match = +0.1% 
** S1 and S2 ganged together 

C) 1000V 


10K 


FNS507 Allen Bradley 


Decade Voltage Divider 65-4226 


Input Amplifier for 4-1/2 Digit Voltmeter 


Precision Current Monitor 
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RC4097 


Operational Amplifiers 


RC4097 


Schematic Diagram 


SEESEO-SO 


(b) 


S99}A0Q Bequedngs = ZED ‘LED ‘ZO ‘LO 
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Section 4 | RC741 


RC741 The RC741 is pin compatible with the RM709, 


LM101A and the LM107. The military version, 


G e Nn e fa RM/741 operates over a temperature range 


from -55°C to +125°C. The commercial ver- 


Pu rpo Se sion, RC741, operates from 0°C to +70°C. The 


industrial version, RV741, operates from 


Operational -25°C to +85°C. 
Amplifier 


Connection Information 


Features 8-Lead 

™ Supply voltages Dual alta Package 
RC/RV741 — +18V ep eN) 
RM741 — +22V 

Offset voltage null capability 

Short-circuit protection 

No frequency compensation required 

No latch-up 

Large common-mode and differential volt- 
age ranges 

Low power consumption 


oo. 8-Lead 
Description TO-99 Metal Can 


(Top View) 


The RC741 integrated circuit is a high-perform- 
ance, high-gain, internally compensated mono- 
lithic operational amplifier fabricated on a single 
silicon chip using an advanced epitaxial process. 


High common-mode voltage range and absence 
of latch-up tendencies make the RC741 ideal for 
use as a voltage follower. High gain and wide 
ranges of operating voltages provide superior 
performance in integrator, summing amplifier and 
general feedback applications. 
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RC741 


Ordering Information 


Operating 
Part Number Package Temperature 
Range 


RC741N 0°C to +70°C 


RV741D -25° C to +85°C 
-25° C to +85°C 
-25° C to +85°C 


-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


RV741T 
RV741N 


RM741D 
RM741D/883B 
RM741T 
RM7411/883B 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

D = 8 lead ceramic DIP 

T = 8-lead metal can TO-99 

Contact a Raytheon sales office or representative for 
ordering information on special package/Aemperature 
range combinations. 


— poole 


Absolute Maximum Ratings 
Supply Voltage 


PG iesadeersiestteaueeenpaevoreencaniesasneoioes: +18V 

FIV eb scoxie teepisa enautlesamavaumesonsaacaenscactisunelsets tev 
Differential Input Voltage... eeeeeeee 30V 
UL VONEOS  seaecctciencenenucecmnaseaan +15V 
Output Short Circuit Duration™ ........... Indefinite 
Storage Temperature 

BCC ee ee ee -65°C to +150°C 
Operating Temperature Range 

PRIUS © |. saausesusecioosigaaeaseusoavonns -55°C to +125°C 

FY (4 | npeiseeriesatnustisvrenmmnats -25°C to +85°C 

g Ore. geet ere eee 0°C to +70°C 
Lead Soldering Temperature 

(SO SEC) ccccgeenesironerssarinsti nates: +300°C 


“For supply voltages less than +15V, the absolute maxi- 
mum input voltage is equal to the supply voltage. 

** Short circuit may be to ground or either supply. Rating 
applies to +125°C case temperature or +75°C ambient 
temperature for RM741. 


Operational Amplifiers 


Mask Pattern 


Die Size: 55 x 55 mils 
Min. Pad Dimensions: 4x 4 mils 


65-01178A 
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Section 4 RC741 


Thermal Characteristics 


8-Lead 
Plastic TO-99 
DIP Metal Can 


[Trem Fess, [|G | STC 
190°C 
6.25 mw/°C 5.26 mW/°C 


8-Lead 


Electrical Characteristics (Vs = +15V and T, = +25°C unless otherwise noted) 


Parameters Test Conditions (Min | Tp | Max | Min | Typ | Max | 


Transient Response 
Rise Time 


Overshoot 


Slew Rate 


Note: 1. Offset voltage is nulled by connecting a 10k{ potentiometer across the balance pins and connecting the wiper pin to -Vs. 
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RC741 Operational Amplifiers 


Electrical Characteristics 
(-55°C $T, <$ +125°C for RM741; 0°C < T, < +70°C for RC741; -25°C < T, < +85°C for RV741) 


ac 
Parameters Test Conditions | Min | Typ | Max | Min | Typ | Max Units 


0 
a 


Large Signal Voltage Gain 


— 
on 


an 
xX) 


Output Voltage Swing 


= 
ra) 


Common Mode Rejection Ratio 
Supply Voltage Rejection Ratio 


© 
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Section 4 


Typical Performance Characteristics 


Power Consumption (mW) 


4-136 


Phase (Degrees) 


Voltage Offset 
Null Circuit 


t 65-00947A 
-V 


S 


Power Consumption as a Function 
of Supply Voltage 


65-00941A 


Supply Voltage (+V) 


Open Loop Phase Response as a 
Function of Frequency 


65-00942A 


100K 1M 10M 


1 10 100 1K 10K 
Frequency (Hz) 


Voltage Gain 


Input Offset Current (nA) 


RC741 


Transient Response 
Test Circuit 


— 65-00948A 


Open Loop Voltage Gain as a 
Function of Frequency 


| 


65-00944A 


100K iM 10M 


1 10 100 1K 10K 
Frequency (Hz) 


Input Offset Current as a Function 
of Supply Voltage 


65-00943A 


Supply Voltage (+V) 


RC741 Operational Amplifiers 


Typical Performance Characteristics (Continued) 


input Resistance and Input Capacitance 


Input Resistance (0) 


as a Function of Frequency 


pr 
=a 


maim mnlimmnlin 


10M 


Input Capacitance (pF) 


1K 10K 


Frequency (Hz) 


100K 


Output Voltage Swing as a Function 
of Load Resistance 


Output Resistance as a Function of Frequency 


Output Resistance (()} 


900 
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a rH Tre ne 
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wr Al 
0 


100 


oO 
=e 
a 
a 
=o 
rT 
an on 
— we 
me 
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—= 
=e 

} 4 J 
a 
es &” 
ime 
65-00946A 


10K 
Frequency (Hz) 


100K 1M 


Output Voltage Swing as a Function 
of Frequency 


40 
36 = 


i] Vs = +15V 


co Ne | 


Sart 
22 att 
|_| | V i 
3 0 


Peak-to-Peak Output Swing (V} 
Peak-to-Peak Output Swing (V) 
& 


eh A ot 

ne st 

Lo Tas 250 Tf Cm tt . 

of Tit qm i 
Coro aL LILI | 
0.1 1.0 - 100 LL 100K 


Load Resistance (k.)) Frequency (Hz) 


Input Noise Voltage as a Function of Frequency 


Input Noise Current as a Function of Frequency 


100 


‘TE OE I 


Hine 
HEEL TAT TUT 

CUTE UTE TE 

Ct 


Mean Square Current (pA/\/Hz} 


BEAT TTT 


ERM L ee A 


Mean Square Voltage (nV/\/Hz) 


iis ce 8 9 | oe SE 


A 65-01242A 


1K 
Frequency (Hz) 


Frequency (Hz) 
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Section 4 


RC741 


Typical Performance Characteristics (Continued) 


Input Offset Current (nA) input Bias Current (nA) 


Relative Value 


4-138 


Input Bias Current as a Function 
of Ambient Temperature 


0 
-60 -20 +20 +60 +100 +140 
Temperature (°C) 


Input Offset Current as a Function 
of Ambient Temperature 


TT oP FELT YT 
LL ii }i it | 


-20 +20 +60 +100 +140 
Temperature (°C) 


Frequency Characteristics as a Function 
of Ambient Temperature 


Temperature (°C} 


Output Short Circuit Current as a Function 


Short Circuit Current (mA) 


Power Consumption (mW) 


Voltage Gain (dB) 


of Ambient Temperature 


-60 -20 +20 +60 +100 +140 
Temperature (°C) 


Power Consumption as a Function 
of Ambient Temperature 


120 po tt 
ae (eae aa a fa 


-60 -20 +20 +60 +100 +140 
Temperature (°C) 


Open Loop Voltage Gain as a Function 
of Supply Voltage 


Supply Voltage (+V) 


RC741 Operational Amplifiers 


Typical Performance Characteristics (Continued) 


Output Voltage Swing as a Function Input Common Mode Voltage Range 
of Suppiy Voltage as a Function of Supply Voltage 


-55°C < Ta < +125°C 
Ry => 2koa 


Peak-to-Peak Output Swing (V} 
Common Mode Voltage Range (+V) 


65-01249A 
65-01250A 


Supply Voltage (+V) Supply Voltage (+V) 


Schematic Diagram 


+Vs 
(7) 


+ Input 


Note: All resistance and capacitance values are nominal. Menai 
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Section 4 


RC7/47 
General 
Purpose 
Operational 
Amplifier 


Features 

Short circuit protection 

No frequency compensation required 

No latch-up 

Large common mode and differential voltage 
ranges 

Low power consumption 

Parameter tracking over temperature range 
Gain and phase match between amplifiers 


Description 
The RC/RM747 integrated circuits are high gain, 


operational amplifiers internally compensated and 


constructed on a single silicon chip using an 
advanced epitaxial process. 


The military version, RM747, operates over a 
temperature range from -55°C to +125°C. The 


commercial version, RC747, operates from 0°C to 


+70°C. 


RC747 


Combining the features of the 741 with the close 
parameter matching and tracking of a dual 
device on a monolithic chip results in unique per- 
formance characteristics. Excellent channel 
separation allows the use of the dual device in 
all single 741 operational amplifier applications 


providing high packaging density. It is especially 


well suited for applications in differential-in, 
differential-out as well as in potentiometric 
amplifiers and where gain and phase matched 
channels are mandatory. 


Ordering Information 


Operating 
Part Number Package Temperature 
Range 
| RC747N 0°C to +70°C 
RC747T 0°C to +70°C 


+f = 


RM747D -55°C to +125°C 
RM747D/883B* -55°C to +125°C 
RM747T -55°C to +125°C 


RM747T/883B* -55°C to +125°C 


Notes: 

*/883B suffix denotes Mil-Std-883, Level B processing 
N = 14-lead plastic DIP 

D = 14-lead ceramic DIP 

T = 10-lead metal can TO-99 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 


4-140 Raytheon 


RC747 


Connection Information 


10-Lead TO-100 Metal Can 
(Top View) 


65-00872A 


14-Lead Dual In-Line Package 
(Top View) 


65-00873A 


+V, Ais internally connected to +V, B for the 747S 


Operational Amplifiers 


Absolute Maximum Ratings 


Supply Voltage 

PR IVAS l sccsicn ccaseonnsnees-tcdpsinesaniGaunticaiisnivens: +22V 

NF ac acceceuinteeneyatapeteahexuassaneasesdioa, +18V 
Differential Input Voltage ................. eee .30V 
Input Voltage” ...............::scccsssscsseecesseseeseees +15V 
Output Short-Circuit Duration’* .......... Indefinite 
Storage Temperature 

NG! siesta car ayecernceesnnesemes -65°C to +150°C 
Operating Temperature Range 

PAT EE csinccnacensiinnicacsuncinisns -55°C to +125°C 

ge ee eee eee 0°C to +70°C 
Lead Soldering Temperature 

COO SOC) se simecissnaceskantecinesasnivens eee +300°C 


“For supply voltages less than +15V, the absolute maxi- 
mum input voltage is equal to the supply voltage. . 
**Short-circuit may be to ground or either supply. Rating 
applies to +125°C case temperature or +75°C ambient 
temperature for RC747. 


Mask Pattern 


34 4 65-01251A 


Die Size: 62 x 72 mils 
Min. Pad Dimensions: 4 x 4 mils 
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Section 4 RC747 


Thermal Characteristics 
14-Lead Plastic DIP | 14-Lead Ceramic DIP | 10-Lead TO-100 Metal Can 


rw, <0 | team | fowmw |e 
Them Fos®,, [ro ai 
arom 
For T, >50°C Derate at 5.26 mW/°C 


Electrical Characteristics (V, = +15V and T, = +25°C unless otherwise noted) 


RC747 
Typ Max Min Typ Max] Units 


> 
a] 
S 
. 
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Cc 
3 
® 
> 
o> 
fee] 
° 
, 
° 
ro 
oo 
ieee 
wn 
ro) 
ro) 
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S 
LA 
: 
bk 


Power Supply Rejection Ratio 76 
|PowerConsumption | 100 170 100170 | _ mw 


wo 
i>) 


Transient Response 


Rise Time Vin = 20 mV, R, = 2kQ 


Channel Separation 
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Electrical Characteristics (-55°C < T, < +125°C for RM747; 0°C < T, < +70°C for RC747) 


Parameters Test Conditions 


| Input Offset Voltage R, < 10 kQ 


Input Offset Current 


Input Bias Current 


Typical Performance Characteristics 
Frequency Characteristics as a Function 
of Ambient Temperature 
Voltage Offset Null Circuit 


Slew Rate. eS 
Haire 
—— 


Relative Value 


al 
= 


65-00899A 


65-00898A 


Supply Voltage (+V)} 


Operational Amplifiers 


Section 4 RC747 


Typical Performance Characteristics (Continued) 


Open Loop Voltage Gain as a Function Output Voltage Swing as a Function 
of Supply Voltage of Supply Voltage 


Voltage Gain (dB) 
Peak-to-Peak Output Swing (V) 


65-00875A 


0 2 4 6 8 10 12 14 16 18 20 


Supply Voltage (+V) Supply Voltage (+V) 
Input Common Mode Voltage Range Power Consumption as a Function 
as a Function of Supply Voltage of Supply Voltage 
16 
S 12 = 
2 ae a = 
Ss 4 = 
= $ = < 
S 2 3 3 
0 8 8 
5 0 15 
Supply Voltage (+V) Supply Voltage (+V) 
Input Bias Current as a Function Input Resistance as a Function 
of Ambient Temperature of Ambient Temperature 
= = 
= = 
S E 
0 2 
-60 -20 +20 +60 +100 +140 -60 -20 +20 +60 +100 +140 
Temperature (°C) Temperature (°C) 


RC747 


Operational Amplifiers 


Typical Performance Characteristics (Continued) 


Input Offset Current (nA) 


Power Consumption (mW) 


Output Short Circuit Current as a Function 


Short-Circuit Current (mA) 


Input Offset Current as a Function 
of Supply Voltage 


65-00880A 


Supply Voltage (+V) 


Power Consumption as a Function 
of Ambient Temperature 


-60 -20 +20 +60 +100 +140 
Temperature (°C) 


of Ambient Temperature 


sa De Ak SA (Sa, 
ory lens SS eee 
ia a a a 


rE = 

a 
ol PP rrrrrry 
-60 -20 20 60 100 140 


Temperature (°C) 


Input Offset Current as a Function 
of Ambient Temperature 


Input Offset Current (nA} 


-60 -20 +20 +60 +100 +140 
Temperature (°C) 


Output Voltage Swing as a Function 
of Load Resistance 


Peak-to-Peak Output Swing (V) 


65-00883A 


Load Resistance (k) 


Absolute Maximum Power Dissipation as a 
Function of Ambient Temperature 


he a Ee a a a 


Power Dissipation (mW) 
Ww 
S 


65-00885A 


+25 +45 +65 +85 +105 +125 
Temperature (°C) 
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Typical Performance Characteristics (Continued) | 


RC747 


input Noise Voltage as a Function of Frequency Input Noise Current as a Function of Frequency 


10-13 10-21 
- = 
z 10-14 gy 10-225 
S ==: a 2 — 10 EE Oe ee el ee ee 
2 10-15 Lt et i = 40-23 Scitation 
2 3 
= FA 
= 10-16 S 10-24 
= @ 
a i—szse S 
3-40-17 iii ane ® 10-2 EE 
PO Ot GPE RAGanS 1 3 2 =o nee aan ae ed 0 weeaD 
10-18 FFE Ett 8 10-26 L_L TL eC Ce 
10 100 1K 10K 100K 10 100 1K 10K 100K 


Frequency (Hz) 


Frequency (Hz) 


Open Loop Voltage Gain as a 
Function of Frequency 


Broadband Noise for Various Bandwidths 
100 


Vs = aay th 


Ta = it 


— 
So 


Voltage Gain 


as 
Renn msccatii = 


oh. 
fan) 


Total Noise Refered to Input (Vams) 


100 10K 100K 1.0 
Source Resistance (()) 


Frequency Characteristics as a Function 
of Ambient Temperature 


40 
36 


Relative Value 
Peak-to-Peak Output Swing (V) 
8 


16 

12 

Lai 

4 
7140 ? 100 


saree (°C) 
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10 100 1K 10K 100K 41M 10M 
Frequency (Hz) 


10K 
Frequency (Hz) 


Phase (Degrees) 


65-00889A 


100K 


Output Voltage Swing as a Function of Frequency 


TM nn Tor 
Co COT CTT Sec l 
CCI CCT TTT ee soe TI 
M1 A 
CCT COIN CC 


RC747 Operational Amplifiers 


Typical Performance Characteristics (Continued) 


Input Resistance and Input Capacitance 
as a Function of Frequency Output Resistance as a Function of Frequency 

me Seite Sect Seti ete: ett me 600 (TT Tonto 
fn OC mee soot _tVs=25v | TTT TTT | TUT 


_ _ ~~ pta=+2secT TH Cm 

Som Saiimaiiimalineuii i & = «ol Cnn 
8 Seti eticimeettiieeetii 8 g CC sn 
ee Ge 
ra ie, & , 
s See Setiimericotmai = s on LLL Ce SSC) 

= 100K He aa} aa 10 B = 200 Y 

&. B sis: ee eiiiss mE Series: 2 a CI Ce Ca Cail 

Seeitiieeesii rt as HH sii jan ST TT ttt ‘ 

3 

10K SH 01 < o CLE TC CTT 2 
100 1K 10K 100K 1M 2 100 1K 10K 100K 1M 

Frequency (Hz) 8 Frequency (Hz} 


Common Mode Rejection Ratio as a 
Function of Frequency Transient Response 


Vs = +15V 
PON . = +25°C 
FRA SORE! AN A 
a a ee a, a ee 


Output (mV) 


Ee 


Common Mode Rejection Ratio (dB} 


65-00895A 


65-00894A 


0 
1.0 10 100 1K 10K 100K 1M 10M 0 0.5 1.0 1.5 2.0 2.5 
Frequency (Hz) Time (uS} 


Voltage Follower Large Signal Pulse Response 


CTT TTT 
i a ee 


Transient Response Test Circuit 10 


Output Voltage (V) 
fam) 


0 10 20 30 40 50 60 70 80 30 
Time (uS) 
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Typical Applications 


Cosine 
Output 


R1 
190K 


1% 


C1 


820pF 
f= ! (RIC1 = R2C2) Te 
2x CORZCIRS = 


65-00901A 


Quadrature Oscillator 


Current Source Amplifier 
R14 
25.8K* 


1% 


R2 
20K 1N963B 
1% 


R11 
12K* 
1% 


Multiplier 
2N2920 
or 726 


O EouT 


R4 
15K 
1% 


R3 
20K 


M% R17 
= 100 
*Matched to 0.1% 
Equt = 1 
oN R10 Ro LL Re R7 
150K 20 = 20 150K 
-15V Zero Adjust +15V 
Analog Multiplier 65-0902 
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RC747 Operational Amplifiers 


Typical Applications (Continued) 


Po 


Compressor © Compressor 
Input Output Expander 
oo Output 
Expander ve 
Input 
Compressor Expander 
Maximum compression expansion ratio = R1/R (10KQ > R 2 0) 65-00903A 


Note: Diodes D1 through D4 are matched FD6666 or equivalent 


Compressor/Expander Amplifiers 


Positive 


Regulated Negative 


O Regulated 
Output 
-12V 
IL <5mA 
Source or 
Sink 


R1+R2 


Positive Output = Vp1 x 


R2 
Negative Output = -Positive Output x ua 


R5 65-00904A 


Tracking Positive and Negative Voltage References 
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Typical Applications (Continued) 


Notch Frequency as a Function of C1 


Center Frequency (Hz) 


0.0001 0.001 0.01 0.1 1.0 
Capacitor C1 (.F) 


Notch Filter Using the 747 as a Gyrator 


7 O Output 


Input O 


65-00906A 
Rin = 400Ma 
Cin = 1pF 
Rout << 10 
BW = 1MHz 
Unity Gain Voltage Follower Non-Inverting Amplifier 
RI RI 


R2 


R¢| |R1||R2||R3 


= 65-00909A 


R R 
-Vo= Vina oo - VINB FY ve mis 
RI R2 R3 


inverting Amplifier Weighted Averaging Amplifier 
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RC747 Operational Amplifiers 
Sr aera 


Schematic Diagram (1/2 Shown) 


+Vs 
(13.9) 
(1,7) 
Inputs 
, Output 
(2.6) (12.10) 
(14,8) 
Vos Trim 
€ 
(3.5) 
-Vs 
(4) 


65-00871B 
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RC3403A 
Ground Sensing 
Quad 
Operational 
Amplifier 


Features 

@ Class AB output stage — no crossover 
distortion 

@ Output voltage swings to ground in single 
supply operation 

@ High slew rate — 1.2 V/uS 

@ Single or split supply operation 

@ Wide supply operation — +2.5V to +36V or 
+1.25V to 18V 

Mi Pin compatible with LM324 and MC3403 

@ Low power consumption — 0.8 mA/amplifier 

lm Common mode range includes ground 


Description 


The RC3403A is a high performance ground 
sensing quad operational amplifiers featuring 
improved dc specifications equal to or better 
than the standard 741 type general purpose op 
amp. The ground sensing differential input 
stage of this op amp provides increased slew 
rate compared to 741 types. 


Connection Information 


RC3403A 


14-Lead Dual In-Line Package 
(Top View) 


Function 
Output (A) 
-Input (A) 
+Input (A) 
+V. 
+Input (B) 
-Input (B) 
Output (B) 
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65-0418 


Function 
Output (C) 
-Input (C) 
+Input (C) 
-V, (Gnd) 
+input (D) 
-Input (D) 
Output (D) 


RC3403A 


Ordering Information 


Operating 
Temperature 
Range 


Notes: 


N = 14-lead plastic DIP 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 


Part Number Package 


RC3403AN 


Absolute Maximum Ratings 


SUOOIY VONAGE ccceecassesissennarccecncnasae +36V or +18V 
IADUL VONAGE saa sesenerarversinnnckanectnnonces -0.3 to +36V 
Differential input Voltage ................cccseseeeeeees 36V 
Storage Temperature 

FIANG GS stsndssavenocuiacancenesateaness -65°C to +150°C 
Operating Temperature 
FEIN Os ccctpapast atereertaeretetia inate 0°C to +70°C 
Lead Soldering Temperature 

00 SOC) care ciepsercterepereyeeseentecomtctenn +300°C 


Thermal Characteristics 
nae 
| Plastic DIP 
125°C 
Them. Rese | 


Operational Amplifiers 


Mask Pattern 


65-02694A 


Die Size: 81 x 85 mils 
Min. Pad Dimensions: 4 x 4 mils 
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Section 4 RC3403A 


Low Voltage Electrical Characteristics (+Vs = +5V, -Vs = GND, and T, = +25°C) 


Parameters Test Conditions | Min | Typ | Max 
LS ST EEE 
a 

ee 


_ Offset Current 


Supply Current as =eAllAmplifiers | =| 25 | 50 — <* 
a a 
Output Voltage Swing’ = > 10k 


1kHz < F < 200kHz 


Channel Separation (Input Referred) 


Power Supply Rejection Ratio 


Note: 1. Output will swing to ground. 


Electrical Characteristics (+Vs = +15V over the specified operating temperature range) 


RC3403A 
Parameters Test Conditions 


tt 
Ce sili Voltage 


Input OffsetVoltage | 10 mv 
1 a a SV oe ae 
rt Ost Oren a 
Large Signal Voltage Gain 1 ff mv 
Ee 
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RC3403A Operational Amplifiers 


Electrical Characteristics (+Vs = +15V, T, = +25°C) 


Parameters Test Conditions | Min | Typ | Max — 
200 
es ee 

input Ofek Curent ||| a8 | A | 
input Voltage Range ee ee 

Supply Curren | 30 | 50" | ma 


00 Win 


Output Source Current 
Output Sink Current 
Unity Gain Bandwidth 


*Significantly improved performance. 
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Section 4 RC3403A 


Electrical Characteristics Comparison RC3403A, MC3403, LM324 


[wax atigs | CCOMOQA | SCCOADS|SUMC| CUi 
Differential Input Voltage 36 32 V 
rrestconaitons «| ~—S«f =e | | Te | [Cf eo 
input Onsetvorage | | 20 | oo | | 20 | eo [ | 20 | 70 | mv 
input oset Curent | | =a | ao | | 0 | om | | 60 | 250 | m 
roavercerene | 9 | LT | ae 
Supply Curent |_| 30 | 50 | | 28 | 70 | | 08 | 20 
C Mod 

ee a 
P Supp! 

tt ce 
rsewrate | | te ||| | mn 
Foutputsinkcuren | wo [| | | | | | |» 
i 

es ee 
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Operational Amplifiers 


Typical Performance Characteristics 


Large Signal Open Loop Voltage Gain (dB) 


Output Voltage (Vp-p) 


Input Bias Current (nAj 


Large Signal Open Loop Voltage 
Gain as a Function of Frequency 


= 65-00637A 


Output Voltage as a Function 
of Frequency 


Ta = +25°C 


Pu 
PU NTT 


20 Vs = +15V 
Ry = 10kQ2 
15 
; iN 
: INS 
ET TNE ETT I, 
so LH LUN ETH | 


1.0K 10K 100K 


Frequency (Hz) 


1.0M 10M 


Input Bias Current as a Function 
of Temperature 


acs GO A! NE SONU 


ae a ae ee a 
s00|_—_|__|_ 
am ae 
= 
200 | —_ 
or ae 
100 
= 
5 
ot [| j | | | | | | fs 


-76 -§5 -35 -15 +50 +25 +45 +65 +85 +105 +125 


Temperature (°C) 


5.0V/Div. 


o0mV/Div. 


Output Voltage Range (Vp-p) 


Input Bias Current (nA) 


Sinewave Response 


Ay = 100 


ee 
W\ WAL XE LAN IAN I 
Ff \ fy 
om. 
W/L I 
Note: Class AB output stage produces 
distortionless sinewave 


auan 
ie + 


ONT 


65-00638A 


50.8/Div. 


Ouiput Swing as a Function 


of Supply Voltage 
oc) A i ae a ee 
i a a a 
30 
20 
oe 
10 || 
: Pf ft 
oLa— [ | | [| | | | | ds 
0 2 4 6 8 10 12 14 16 18 20 


+Vgs and -Vs, Power Supply Voltages (V} 


Input Bias Current as a Function 
of Supply Voltage 


| a ae Aa a 


a ee | 
© 


0 2 4 6 8 10 12 14 1 18 20 
+Vs and -Vs, Power Supply Voltages (V) 


150 
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Typical Applications 


+liny 


——p 


10K 
O 

Current or 

Voltage 1N914 

Input 100K 

+Vin 10K 
0 100K 

SD 100 


0.005 ,F 


» 
10K 
+15V 
I 120V ¥ 
Reference 
" = Diode = 
a 12K 
= . O 
5.1K - -15V 
- O1pF Rs 1 : 
-15V 0.011 
Opto-lsolator Ry = 1.5K Ef ae 12K 
. . 2 
i ~ Scale 3 
Factor — 
: 0 +15V 0.01yF 
-15V I 


“Polarity determined by desired relationship between = 
pulse output level and LED “ON” state. 


65-006368 


Precision Voltage-to-Frequency Converter With Isolated Output 


—_ 65-00643A 


Pulse Generator 
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RC3403A Operational Amplifiers 


Typical Applications (Continued) 


+Vs Trianglewave RO Squarewave 
VREF = 5 Output 300K Output 
Y 6 


VREF 
C) 


_ R2R1 © VREF 65-00644A 
~ R2+R1 


_R1+R2. 


f= 4CRiRI if R3 


Function Generator 


1 R1 
y 1M 
n © Vout 
VR 
+Vcm 
i 
| 


V 
VouT = Vp Vout = a (“as shown) 
65-00646A = +V 
VouT = a 
Ground Referencing a 
Differential Input Signal Voltage Reference 


0.05.F 


“Wide Control Voltage Ranges: 
= = OV < Vc <2 (4+Vs - 1.5V) 


65-00647A 


Voltage Controlled Oscillator 
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Typical Applications (Continued) 


Ri 
100K 
Ay = 11 (as shown) Cin 
Co 

VouT ' Bi 

IN Re RL 
Ri 6.2K 10K 

+Vs = 


+] C1 
ny. Tu 
Ri = 


ft 
t Av = 10 (as shown) 2Vp-p 
Vp-p ' 


_ 
AC Coupled Non-Inverting Amplifier AC Coupled Inverting Amplifier 


fo \ Center Frequency Design Example: 
BW \ Bandwidth given: Q = 5, fo = 1kHz 
Rin kg Let R1 = R2 = 10kn 
R1 ; then R3 = 9(5)? - 10 
C in uF 
| A R3 = 215k 
O= Bw "0 C=2- 1.6nF 
-c9-4 
C1=C2= 3 
1 = R2=1 ; 
id _ ina 4 Use scaling factors in these expressions. 
lf source impedance is high or varies, filter may be preceeded 
with voltage follower bu‘fer to stabilize filter parameters. pacer 
Multiple Feedback Bandpass Filter 
R2 
iis Hysteresis 
; x 
VREF O Vout VINL = aa Wow - Vrer) + Veer 
5 Vout es 
VIN o VINH = Ai + Ro Vou - Vrer) + Vaer 
aaa Tar fie i oY 
INL ) INH = Ri aRo (WOH- OL) 
VREF 


65-00653A 


Comparator With Hysteresis 
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Typical Applications (Continued) 


30K 
R6 


VREF O 


VREF = = 


C 
1 
fo = ssp for fo = 1kHz 
enRC R= 16k 
C=0.01uF 
Vout = C(1 + a + b) (V2 - V1) 65-00652A 
Be OE oy best CMRR 
RS 7 R7 65-00651A 
R1 = R4 
mn Wein Bridge Oscillat 
Gain= Fe(1+ oe )=C (1+ a+b) ein priage Oscillator 


High Impedance Differential Amplifier 


BW 
C1 Where 
VINo— Tgp = Center Frequency Gain 


Ty = Bandpass Notch Gain 


O 
a 1 Example: 

eaipo 10= RG fo = 1000Hz 
R1=QR BW = 100Hz 

C1 RY Tpp = 1 

(—o Notch Output nag Tu=1 

‘ R3 = TnR2 R = 160kO 

cite R1 = 1.6M0 
R2 = 16M 
R3 = 1.6M0 
C = 0.001uF 


65-00654A 


Bi-Quad Filter 
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Schematic Diagram (1/4 Shown) 


+Vs 
(4) 


+ViN 
O 


-Vs or GND 65-006358 
(11) 
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RC4136 
General 
Performance 
Quad 741 
Operational 
Amplifier 


Features 

Unity gain bandwidth — 3 MHz 

Short circuit protection 

No frequency compensation required 

No latch-up 

Large common mode and differential volt- 
age ranges 

Low power consumption 

Parameter tracking over temperature range 
Gain and phase match between amplifiers 


Description 


The 4136 is made up of four 741 type inde- 
pendent high gain operational amplifiers inter- 
nally compensated and constructed on a single 
silicon chip using the planar epitaxial process. 


Operational Amplifiers 


This amplifier meets or exceeds all specifica- 
tions for 741 type amplifiers. Excellent channel 
separation allows the use of the 4136 quad 
amplifier in all 741 operational amplifier appli- 
cations providing the highest possible packag- 
ing density. 


The specially designed low noise input transis- 
tors allow the 4136 to be used in low noise 
signal processing applications such as audio 
preamplifiers and signal conditioners. 


Ordering Information 


Operating 
Package Temperature 
Range 


0°C to +70°C 
0°C to +70°C 


-55°C to +125°C 
-55°C to +125°C 


-25° C to +85°C 
-25° C to +85°C 


Notes: 

*/883B suffix denotes Mil-Std-883, Level B processing 
N = 14-lead plastic DIP 

D = 14-lead ceramic DIP 

M = 14-lead plastic SOIC 

Contact a Raytheon sales office or representative for 
ordering information on special package/Aemperature 
range combinations. 
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Connection Information 


14-Lead 
Dual In-Line Package 
(Top View) 


AY 
= 


Function 
-Input (A) 
+Input (A) 
Output (A) 
Output (B) 
+Input (B) 
-Input (B) 
-Vs 

-Input (C) 
+Input (C) 
Output (C) 
+Vs 
Output (D) 
+Input (D) 
-Input (D) 


, 
2 
3 
4 
) 
6 
+ 
8 
9 


65-00537A 


Absolute Maximum Ratings 


Supply Voltage 

AT oO a ciaeteeereniacaengeacaescttenssenseoseeues +22V 

FGA 146, VATS sss ciessnstantasncawecsnarsines +18V 
FADUE VONAGO” secnstanssvanevivedsvotasineisseceedesanens +30V 
Differential Input Voltage ............. seers 30V 
Output Short Circuit Duration” .......... Indefinite 
Storage Temperature 

PANGS ccancssscewnncinnescdnonsdenass -65°C to +150°C 
Operating Temperature Range 

FIAT SG sasiascnecetsscesurnenoesies -55°C to +125°C 

PSG erecta pisnsierttioceensi -25°C to +85°C 

FICE 1S -simeisssagersesncsseaneteaaiess 0°C to +70°C 
Lead Soldering Temperature 

(DIP, GO SOG) ncsccssnssassccensinctansenenccne +300°C 

(50-14, 10 SGC) scininenccpsmonenesisnnescdones +260°C 


*For supply voltages less than +15V, the absolute maxi- 
mum input voltage is equal to the supply voltage. 
**Short circuit may be to ground, typically 45 mA. 


RC4136 


Thermal Characteristics 


14-Lead | 14-Lead | 14-Lead 
Small Plastic | Ceramic 
Outline DIP DIP 
Max. Junction Temp.| 125°C 125°C 175°C 


Max. P, T, <50°C 


468 mW | 1042 mW 
Therm.Res®,, | — | — | S0°CW 
Therm. Res. ®,, 160°C/W | 120°C/W 


For T, >50°C Derate | 5.0 mW | 6.25 mW | 8.33 mW/ 
at per °C per ‘C per °C 


Mask Pattern 


Die Size: 99 x 64 mils 
Min. Pad Dimensions: 4 x 4 mils 
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Electrical Characteristics (Vv, = +15V and T, = +25°C, unless otherwise noted) 


Input Offset Voltage Rs < 10k. 


= =] 
i) 
™ 
= 
= 
e& 
[= >) 


bp | | © 
CO}lol!]on 
NM] oO 


= 
a — | 


Input Offset Current es 
Input Bias Current Ld 


fan) 
wo 


9.0 


Input Resistance 


Transient Response 
Rise Time 


Large Signal Voltage Gain Ri > 2k, Voyr = +10V 300 300 V/mV 
RL > 10k +12 | +14 +12 | +14 

Output Voltage Swing : ED —_ V 

Input Voltage Range +12 | +14 +12 | +14 Pf | 

Common Mode Rejection Ratio Rs < 10k 100 1o0 | | BC 

Power Supply Rejection Ratio Rs < 10k9. | 100} | BC 


Vin = 20mV, Ry = 2k 
Overshoot C. < 100pF 


Unity Gain Bandwidth BC 
Channel Separation f = 1.0kHZ, Rs = 1k 


The following specifications apply for -55°C < T, < +125°C for RM 
T, < +85°C for RV4136, V, = 


A 


fon) ND | as 
ae) lam) 


— 


Ni NN 


Input Offset Voltage 


Input Offset Current 
RM/RC4136 


Input Bias Current 
RM/RC4136 


Large Signal Voltage Gain 
Output Voltage Swing 


Power Consumption | ——SSSC~wSC*dt Cm] 
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Electrical Characteristics Comparison (Vv, =+15V and T, +25°C unless otherwise 


noted) 

RC4136 (Typ) LM324 (Typ) 
a 
FnputResstance |S S*YSSSTSSC*dSC 


Output Voltage Swing (Ri = 2k) 


Transient Response 
Rise Time 
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Typical Performance Characteristics 


Input Bias Current as a Function 
of Ambient Temperature 


Input Bias Current (nA) 
Input Offset Current {nA} 


Temperature (°C) 


Common Mode Range as a 
Function of Supply Voltage 


= 

é > 
S 0 5 
E z 
5 0 E 

E , 

co -10 L 2 

. 72GZG. 

-15 KEY V5 

4 6 8 10 12 14 #16 18 

Supply Voltage (V} 
Open Loop Gain as a 
Function of Temperature 

= 
Ss 
c Ss 
3 2 
E 
a. 


Temperature (°C) 


Raytheon 


Operational Amplifiers 


input Offset Current as a Function 
of Ambient Temperature 


+20 +30 +40 +50 +60 


0 
0 +10 


Temperature (°C) 


Typical Output Voltage as a 
Function of Supply Voltage 


he] | LA 
| LLL 
WWYYYy7 
ILUYYY4ZG, 


| PY 


6 8 10 12 14 16 1 
Supply Voltage (+V) 


Ru = 2kQ 


5-00217A 


oo 6 


Power Consumption as a 
Function of Ambient Temperature 


© 65-00508A 


Temperature (°C) 
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RC4136 


Typical Performance Characteristics (Continued) 


Voltage Gain (dB) 


1000 


100 _A 


Noise Voltage (nV/\/Hz) 


Peak-to-Peak Output Swing (V} 
oo 


pt a 
a 


At a 
a oy 
| TAT TTT TT 
| PTT TT 
Li | TTT TTT 


Open Loop Voltage Gain as a 
Function of Frequency 


= 65-00214A 


1 10 100 1K 
Frequency (Hz) 


Input Noise Voltage as a 
Function of Frequency 


ssi sssiaas as aSsiieas assess Tr 
BA oe ee oo 
2! | a ee Oe a SE GE ee eee 
SEH EH EPH HE 
ie HHT to aaeatil HHS 


10 100 1K 10K 100K 


Frequency (Hz} 


Output Voltage Swing asa 
Function of Load Resistance 


vs= 205 | | | Oe TTT 
ta soe TTT 


0.1 1.0 10 
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Load Resistance (k‘)} 


Noise Current (pA/\/ Hz} 


Peak-to-Peak Output Swing (V) 


Quiescent Current (mA) 


Output Voltage Swing as a 
Function of Frequency 


40 
36 
32 
28 
24 
ot 
16 
12 
8 
4 


100 


Si ae eM 
Sei eet oa eat 


Frequency (Hz) 


Input Noise Current as a 
Function of Frequency 


aaillll 
nC ee 


: 
a 
\ 
eS 
cf 
=i 


10 


100 1K 
Frequency (Hz) 


Quiescent Current as a 
Function of Supply Voltage 


Supply Voltage (+V) 


= s 
-—-J 
mae tet on occ et toe on ooo HTH 
aot I ae —— 
ai SSGEIHMEEET ies 


TT ANNETTE 


seat ! < 
He 
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RC4136 Operational Amplifiers 


Typical Performance Characteristics (Continued) 


Voltage Follower Large Signal Transient Response 
Pulse Response 
Pt || vs=+15v 
a Cre: 
Ss — 
@ = 
= S 
= 
3 <x 
25 
Time (uS) Time (8) 
Channel Separation Distortion vs. Frequency 
140 
TTT PLT AIM [vo toveus Ut UT 
Ps a a a HH = 0.6 =a 
Z 10 Cn CSOT Set LHI | Alaa Compensation||| | | |i 
S 4 St I EE LE A 
- ee me ll Aine HH i 
ts EN 
s 40 = 02 an! 
. E PAE LI 
20 Ta = +25°C x = § tt LL S 
8 
LUN Tommi T 
10 100 1K 10K 100K 100 10K 100K 
Frequency (Hz) a {Hz} 


Total Harmonic Distortion vs. Output Voltage 


Total Harmonic Distortion (%) 


65-00226A 


Vo Output Voltage (Vams) 
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4136 Versus 741 


Although the 324 is an excellent device for 
single-supply applications where ground sensing 
is important, it is a poor substitute for four 
741s in split supply circuits. 


RC4136 


The simplified input circuit of the 4136 exhibits 
much lower noise than that of the 324 and 
exhibits no crossover distortion as Compared 
with the 324 (see illustration). The 324 shows 
serious crossover distortion and pulse delay in 
attempting to handle a large signal input pulse. 


Comparative Crossover Distortion 


‘) 


f= 10KHZ —> Spee 


Vo = BVp- p 
Vo Bop SEP Ea 
Vo = 8Vp-p am a 


ANAL 


NAN 
AGW. sesh 


Output Voltage Swing as a 
Function of Frequency 


Peak to Peak Output Swing (V) 


4-170 


aves AP 


fi 


AA 
radir seer 
PMT NTA NT 


eee oles 
Eee enna 
pe rr a a4 
bel Ty gal 

as 


2 oe ve ia 
ffne0 


65-00539 


Open Loop Voltage Gain 
as a Function of Frequency 


Voltage Gain (dB) 


10K 100K 1M 10M 
Frequency (Hz) 


1 10 100 1K 


RC4136 


Output Voltage 


Voltage Follower Large Signal 
Pulse Response 


| | tp ae 
| | ti] | NIN 
pt yl | tp VN 
fos oes A See 


Pr 


Time (uS) 


input Common Mode Voltage Range as a 
Function of Supply Voltage 


a a a 
PL AS 


Common Mode Voltage Range (+V} 


alt 1A 


Operational Amplifiers 


Supply Voltage (+Vs} 


Unit Cost Comparisons 


Cost Per Op Amp 
oo 


RRA TTT 
SSATP TTT TTT 
a i 
PT TT UT 


Se Quad 741 (4136) 


INTE TET EET ETT 
PR tt 

Da | | 
Nin Crt tt 


Unit Volume (x 1000) 


mod 


| aii 


65-00512A 
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Typical Applications 


Stereo Tone Control 


Vin A Vin B 
5K 50K 2.2uF = 2.2uF 50K 5K Vs = +15V 
5K 5K 
0.068 .F 0.068 uF 0.068,.F 0.068.F 
0.068 uF 0.068 .F 
5K 5K 
0.068,.F 0.068 uF 
VoA 7 VoB 
(o} “4 4136 
+ 1.67K 1.67K 
10K 10K 
50K ous = 
== ~ 65-00514A 
400 Hz Lowpass Butterworth Active Filter 
10K 
Input © © Output 
0.33 uF 


13.2K 


65-00515A 
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Typical Applications (Continued) 


RIAA Preamplifier 


O A Vin B 


& im Vs = +15V 


750pF aRF 750pF 
0.0027 uF 0.0027. 
100K 100K 


- 65-005 16A 


<= 
IES) & 


Low Frequency Sine Wave Generator With Quadrature Output 


0.02uF 


65-00517A 


Triangular-Wave Generator 


Integrator 
C1 
Threshold 0.1uF 
Detector 


1.4K 


65-005 18A 
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Typical Applications (Continued) 


Lamp Driver 


@ +Vs 


65-00520A 


Voltage Follower 


65-00519A 


DC Coupled 1 kHz Lowpass Active Filter 


Vin 0.01 uF Vo 


65-00527A 
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Power Amplifier 


65-00523A 


Comparator With Hysteresis 


65-00522A 


Squarewave Oscillator 


— 65-00521A 


RC4136 Operational Amplifiers 


Typical Applications (Continued) 


1 kHz Bandpass Active Filter 


Vin 390K 0.01,uF 120K Vo 
0.01 .F = 
39K - 
- 10 uF 100K 100K 
620K ‘a 
= a e +Vs 
65-00526A 
AC Coupled Non-Inverting Amplifier AC Coupled Inverting Amplifier 

0 +V 
iM : 


100K 9+Vs 


VIN 


a 


+Vs 


65-00525A 
65-00524A 


Voltage Controlled Oscillator (VCO) 


0.05 uF 


JUL 


Output 1 


FA <F 


Output 2 


10K 


- “Wide Control Voltage Range: OV < Vc < 2 (+Vs - 1.5V) 


65-00528A 
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Typical Applications (Continued) 


Full-Wave Rectifier and Averaging Filter 


20K 20K 25K DC 
1% 1% Output 
O 


65-00531A 


Notch Filter Using the 4136 as a Gyrator 


R2 
30K 


Input Output 


@ 
Trim R, such that 
R1_R3_ 
R2 2R4 


65-00529A 


Notch Frequency as a Function of C1 


wecaa 
=aaae. EE ee Sassen ttt ——t — HH 
2 itr ——— ES —— 

eee a Ee ee ee a ames re 
Sas Se oo oe a Se ce TL 


Capacitor Cl (..F) 


mei 
10 ei itt : 


0.0001 0.001 0.01 
Center Frequency (Hz) 
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RC4136 Operational Amplifiers 


Typical Applications (Continued) 


Multiple Aperture Window Discriminator 


Vin O 
iz O Vin > V4 
V40 


Q1 
Ld 0 V3< Vin< V4 
V30 
Q2 
a 0 V2 < Vin < V3 
V20 
Q3 
oO Vin< V1 
ViO 


65-00532A 


Differential Input Instrumentation Amplifier 
With High Common Mode Rejection 


R2* R6t 
100K 
0.1% 


O Output 


Inputs R1 = R4 
R2 = R5 
R6 = R7 
t* Matching Determines CMRR 
Ay = R6 ( = zt) 
R2 R3 


R7+ 
100K 
0.1% 


= 65-00533A 
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Typical Applications (Continued) 


Analog Multiplier/Divider 


02 
IN457 IN457 10K 


*Matched Transistors 
65-00534A 
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Typical Applications (Continued) 


Spot Noise Measurement Test Circuit 


49.9K 3.3M DC-1HzN 


60dB Wideband 


Compensate Amplifier 
as Required 
3.16K 3.16K 1Hz 
O @ 
10K , 
Spot | | 
Noise . , 
Out 
31.6K ; 
| | 
ne ne 100K 0.01 
- O a 
{mV = 1nV/\/Hz 1kHz | 499K 1kHz | 
RMS . , Selectable Frequency 
Stepped 10dB . , Constant Q Filter 
Attenuator Bs ests oe whee ee Ee J 


65-00535A 
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Schematic Diagram 


+Vs 9 
(11) 


O— Output 
(1,6,8,14 (3,4,10,12) 
Inputs 6 
(2,5,9,13) 
-Vs 
(7) 
65-00495A 
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RC4156/RC4157 
High Performance 
Quad 

Operational 
Amplifier 


Features 
M@ Unity gain bandwidth — 
2.8 MHz minimum (4156); 15 MHz minimum 
(4157) 
@ High slew rate — 
1.3 V/uS minimum (4156); 6.5V/uS (4157) 
M@ Low noise voltage — 
1.4 pV typical; 2.0 pV_,,, guaranteed 
@ Indefinite short circuit protection 
M@ No crossover distortion 


Description 


The 4156 and 4157 are monolithic integrated 
circuits, consisting of four independent high 
performance operational amplifiers constructed 
with an advanced epitaxial process. 


Operational Amplifiers 


These amplifiers feature guaranteed ac per- 
formance which far exceeds that of the 741 
type amplifiers. Also featured are excellent 
input characteristics and guaranteed low noise, 
making this device the optimum choice for 
audio, active filter and instrumentation applica- 
tions. The 4157 is a decompensated version of 
the 4156 and is ac stable in gain configurations 
of -5 or greater. 


Ordering Information 


Operating 
Part Number Package | Temperature 
Range 


RC4156N 0°C to +70°C 
RC4156M 0°C to +70°C 
0°C to +70°C 


-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


RC4157N 


RM4156D 
RM4156D/883B* 
RM4157D 
RM4157D/883B* 


Notes: 

*/883B suffix denotes Mil-Std-883, Level B processing 
N = 14-lead plastic DIP 

D = 14-lead ceramic DIP 

M = 14-lead plastic SOIC 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 
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Connection Information 


4-182 


14-Lead Dual In-Line Package 


Pin Function 


Output (A) 
-Input (A) 
+Input (A) 
+V. 
+Input (B) 
-Input (B) 
Output (B) 
Output (C) 
-Input (C) 
+Input (C) 


+Input (D) 
-Input (D) 
Output (D) 


RC4146/RC4157 


Absolute Maximum Ratings 


1818) 9). (9) |: (0 (> eae er +20V 
Differential Input Voltage..................:cesesseeees 30V 
ROUT VON SC acsauicucnvstisterentarinehnnestectonsveneers +15V 
Output Short Circuit Duration ** .......... Indefinite 
Storage Temperature 

PNG aii rertssereniviteanecaneies -65°C to +150°C 
Operating Temperature Range 

FRRM4156/4157 ........cccccesseens -55°C to +125°C 

FIGS 1SG/4 TSS siccseess savratonesacseases 0°C to +70°C 
Lead Soldering Temperature 

CSIP FCO SCC) viccavupetenvecodtvaccuseepeuseuses +300°C 

(SO= 145 10 SOC) ccccsccnssascossvncencvesiscusse +260°C 


“For supply voltages less than +15V, the absolute maxi- 
mum input voltage is equal to the supply voltage. 
**Short circuit to ground on one amplifier only. 


Mask Pattern 


Die Size: 80 x 84 mils 
Min. Pad Dimensions: 4 x 4 mils 


<x 
~ 
ise) 
~ 
(= 
7 
w 
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RC4146/RC4157 Operational Amplifiers 


Thermal Characteristics 


Plastic SO-14 | Plastic DIP Ceramic DIP 
them. es®. | — | «|= 


Electrical Characteristics 
(-55°C <T, < +125°C for RM4156, 0°C < T, < +70°C for RC4156, V, = +15V) 


RM4156/4157 
Parameters Test Conditions Min Typ Max Min 


OC 
Cpu sies cure 

Flare Sina Votego Gan [Peer sv | | (Wi 
[Speen 
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Electrical Characteristics (V, = +15V and T, = +25°C unless otherwise noted) 


RM4156/4157 RC4156/4157 
Test Conditions Min Typ Max Min Typ 
200 


Max 
300 


Parameters 


Input Offset Voltage 


[es | 
ieee +12 +14 +12 +14 V 

R,>2kQ +10 = +13 +10 - +13 V 
Output Resistance 


Power Supply Rejection Ratio R, < 10 kQ 
Supply Current (All Amplifiers) R, = 


Transient Response (4156) 


1.0 
so |e 
z 


60 


BSS 
NO 


3 
> 


f 
< 


on 
=) 
N 
ro) 
=, 

> 


Rise Time 
Overshoot 
Slew Rate 


Unity Gain Bandwidth (4156) 
Phase Margin (4156) R, = 2 kQ, C, = 50 pF 


Transient Response (4157) = -5 


a) 
” 


wo 
Oo 
= 
= 
w~ 


> 


! 
8 


Rise Time 


Overshoot 


Slew Rate 


Unity Gain Bandwidth (4157) A,=-5 


Phase Margin (4157) 


Power Bandwidth Va @ 2OV 


Input Noise Voltage = 20 Hz to 20 kHz 
Input Noise Current 


= 20 Hz to 20 kHz 
Channel Separation 


6.5 8.0 VAS 


3 
o) 


_ 
on 
© 
= 
= 
N 


sda 
on 
- oo 
iN ro) 
Nm 
°o 


f 
f 


—_ 


x 
= 
N 


_ 
Oo 
fee] 
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Typical Performance Characteristics 


Open Loop Frequency Response Power Supply Rejection Ratio vs. Temperature 
140 
te NSU ll +4} — 
— oo CU TTT TU Ill 120-7 
S 40 mth Nt UI = 100 
= 59 CM UM Gain TUT TMT TTT 3S 
2 sy CHIN ULL BGO aS — £80 = 
S  5q UA UU TT TTT 3 = — 
So MTN Poase NT TI oo 5 6 
S$ 30 HUM TT TTT TTT ry 3 
= pete sch tt alte tld A sl 135 = = 40 
B10 +H ht te te et st ~ - ; 
= TMT 1 vial i 0 3 
1 10 100 -1K 10K 100K 1M 10M -100 -75 -50 -25 0 +25 +50 +75 +100 +125 +150 
Frequency (Hz) ren Temperature (°C) 


Channel Separation vs. Frequency 


“150 PLT fa TET 100K 
-420 - enue em TT 
_ ttt pp pectbe 1K 
S -100 
S HEE aw 1K Vo1 
= -80 
4 i + C.S.=20log (Yo? 
S 60 a EL Hh | = 100K 700 Gea 
3 mis il Bb) 
i —4 
& -40 
[ i ) 
rT ae OV 
0 
10 100 1K 10K 100K = 


65-00739A 


Frequency (Hz) 


Transient Response vs. Temperature Input Noise vs. Frequency 


2) 


Noise Voltage (nV\/Hz} 


Normalized Value Referred to +25°C 
Input Noise Current (pA 


Fela! 
ma =.4 
ae ee 
= a 
et ieee ne 
ae ee 
ae ae ae 
net a Sa 
eee Cea ae 
eae ae ORE 


0.6 0 
-100 -75 -50 -25 0 +25 +50 +75 +100 +125 7150 10 100 1K 10K 100K 


Temperature (°C) Frequency (Hz) 65-00742A 
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Typical Performance Characteristics (Continued) 


Normalized AC Parameters vs. Temperature 
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Output Voltage Swing vs. Frequency 
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Small Signal Bandwidth and Phase Margin 
vs. Load Capacitance 
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Typical Performance Characteristics (Continued) 


input Current vs. Temperature 


Current (nA) 
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Applications 


The 4156 and 4157 quad operational amplifiers 
can be used in almost any 741 application and 
will provide superior performance. The higher 
unity gain bandwidth and slew rate make it 
ideal for applications requiring good frequency 
response, such as active filter circuits, oscilla- 
tors and audio amplifiers. 


The following applications have been selected 
to illustrate the advantages of using the Ray- 
theon 4156 and 4157 quad operational amplifi- 
ers. 


Triangle and Square Wave Generator 


The circuit of Figure 1 uses a positive feedback 
loop closed around a combined comparator 
and integrator. When power is applied the 
output of the comparator will switch to one of 
two states, to the maximum positive or maxi- 
mum negative voltage. This applies a peak 
input signal to the integrator, and the integrator 
output will ramp either down or up, opposite of 
the input signal. When the integrator output 
(which is connected to the comparator input) 
reaches a threshold set by R1 and R2, the 
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Common Mode Rejection Ratio vs. Temperature 
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comparator will switch to the opposite polarity. 
This cycle will repeat endlessly, the integrator 
charging positive then negative, and the com- 
parator switching in a square wave fashion. 


Amplitude of V, is adjusted by varying R1. For 
best operation, it is recommended that 

R1 and V,, be set to obtain a triangle wave at 
V, with +12V amplitude. This will then allow A3 
and A4 to be used for independent adjustment 
of output-offset and amplitude over a wide 
range. 


The triangle wave frequency is set by CO, RO, 
and the maximum output voltages of the com- 
parator. Amore symmetrical waveform can be 
generated by adding a back-to-back zener 
diode pair as shown in Figure 2. 


An asymmetric triangle wave is needed in 
some applications. Adding diodes as shown by 
the dashed lines is a way to vary the positive 
and negative slopes independently. 


Frequency range can be very wide and the 
circuit will function very well up to about 10 
kHz. Transition time for the squave wave at V, 
is less than 21 wS when using the 4156. 
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Figure 1. Triangle and Square Wave Generator 
Figure 2. Triangle Generator — Symmetrical Output Option 
Active Filters than by single resistors. A generalized circuit 
diagram of the 2-pole state-variable active filter 
The introduction of low-cost quad op amps has is shown in Figure 3. The particular input 
had a strong impact on active filter design. The connections and component-values can be 
complex multiple-feedback, single op amp filter calculated for specific applications. An impor- 
circuits have been rendered obsolete for most tant feature of the state-variable filter is that it 
applications. State-variable active-filter circuits can be inverting or non-inverting and can 
using three to four op amps per section offer simultaneously provide three outputs: lowpass, 
many advantages over the single op amp bandpass, and highpass. A notch filter can be 
circuits. They are relatively insensitive to the realized by adding one summing op amp. 
passive-component tolerances and variations. 
The Q, gain, and natural frequency can be The Raytheon 4156 was designed and charac- 
independently adjusted. Hybrid construction IS terized for use in active filter circuits. Frequency 
very practical because resistor and capacitor response is fully specified with minimum values 
values are relatively low and the filter parame- for unity-gain bandwidth, slew-rate, and full- 
ters are determined by resistance ratios rather power response. Maximum noise is specified. 
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*Input connections are chosen for inverting or non-inverting response. Values of R3, R7, R8 determine gain and Q. 


**Values of R1 and R2 determine natural frequency. 


Figure 3. Generalized State-Variable Configuration for Active Filter 


Output swing is excellent with no distortion or 
clipping. The Raytheon 4156 provides full, 
undistorted response up to 20 kHz and is ideal 
for use in high-performance audio and telecom- 
munication equipment. 


In the state-variable filter circuit, one amplifier 
performs a summing function and the other two 
act as integrators. The choice of passive 
component values is arbitrary, but must be 
consistent with the amplifier operating range 
and input signal characteristics. The values 
shown for C1, C2, R4, R5 and R6 are arbitrary. 
Pre-selecting their values will simplify the filter 
tuning procedures, but other values can be 
used if necessary. 


The generalized transfer function for the state- 
variable active filter is: 


aos2 + aiS + ap 
s2+b1s + bo 


Filter response is conventionally described in 
terms of a natural frequency «, in radians/sec, 
and Q, the quality of the complex pole pair. The 
filter parameters w, and Q relate to the coeffi- 
cients in T(s) as: 


wo = bo and Q= _ 
0 


T(s) = 


Raytheon 


The input configuration determines the polarity 
(inverting or non-inverting), and the output 
selection determines the type of filter response 
(lowpass, bandpass, or highpass). 


Notch and all-pass configurations can be 
implemented by adding another summing 
amplifier. 


Bandpass filters are of particular importance in 
audio and telecommunication equipment. A 
design approach to bandpass filters will be 
shown as an example of the state-variable 
configuration. 


Design Example — Bandpass Filter 


In this example, the input signal is applied 
through R3 to the inverting input of the sum- 
ming amplifier and the output is taken from the 
first integrator (V,,,). The summing amplifier will 
maintain equal voltage at the inverting and non- 
inverting inputs (see equation on next page). 
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100K Set Center Frequency 
C2 
R2 1000pF 
1. 7 1/4R04156 
: VBP 65-00752A 
Figure 4. Bandpass Active Filter 
R3R5 R3R4 R4R5 
R3 + R5 R3 + R4 R4+R5 R7 
Vep(S) Pa. VES) Vin(S) =. Vgp(s) 
R4 + R3R5 R5 4+ R3R4 R34 R4R5 R6 + R7 
R3 + R5 R3 + R4 R4+ R5 
These equations can be combined to obtain the transfer function: 
Vep(s) = - VuHp(s) and V_ p(s) = - Vep(s) 


R1C1S 


Vep(s) _ 
Vin(S) ga 4 


R6 + R7 R5 


Defining 1/R1C1 as w,, 1/R2C2 as w,, and 
substituting in the assigned values for R4, R5, 


and R6, then the transfer function simplifies to: 


R7 (1+ R4 


R2C2S 


1 
R1C1 


= | s+_4 


R1C1 R5 R1C1R2C2 


This is now in a convenient form to look at the 
center-frequency @, and filter Q. 


104 
w41S 
R3 
Vep(s) _ 
Vin(s) ia! 
s2 + ne w4s + 
5 
v3. 0 
R7 
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5 
wo = VV 0.1842 1+ Ran 
and Q= ae Ye) 
4 
= 10-9 / 0.1R1R2 5 Pa “ 
R3 
ww 


The frequency response for various values of Q 
are shown in Figure 5. 
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Figure 5. Bandpass Transfer 
Characteristics Normalized for 
Unity Gain and Frequency 


These equations suggest a tuning sequence 
where a is first trimmed via R1 or R2, then Qis 
trimmed by varying R7 and/or R3. An important 
advantage of the state-variable bandpass filter 
is that Q can be varied without affecting center 
frequency @p. 


This analysis has assumed ideal op amps 
operating within their linear range, which is a 
valid design approach for a reasonable range 
of w, and Q. At extremes of @, and at high 
values of Q, the op amp parameters become 
significant. A rigorous analysis is very complex, 
but some factors are particularly important in 
designing active filters. 


Operational Amplifiers 


1. The passive component values should be 
chosen such that all op amps are operating 
within their linear region for the anticipated 
range of input signals. Slew rate, output 
current rating, and common-mode input 
range must be considered. For the integra- 
tors, the current through the feedback ca- 
pacitor (1 = C dV/dt) should be included in the 
output current computations. 


2. From the equation for Q, it should seem that 
infinite Q could be obtained by making R7 
zero. But as R7 is made small, the Q be- 
comes limited by the op amp gain at the 
frequency of interest. The effective closed- 
loop gain is being increased directly as R7 is 
made smaller, and the ratio of open-loop gain 
to closed-loop gain is becoming less. The 
gain and phase error of the filter at high Q is 
very dependent on the op amp open-loop 
gain at @,. 


3. The attenuation at extremes of frequency is 
limited by the op amp gain and unity-gain 
bandwidth. For integrators, the finite open- 
loop op amp gain limits the accuracy at the 
low-end. The open-loop roll-off of gain limits 
the filter attenuation at high frequency. 


The Raytheon 4156 quad operational amplifier 
has much better frequency response than a 
conventional 741 circuit and is ideal for active 
filter use. Natural frequencies of up to 10 kHz 
are readily achieved and up to 20 kHz is practi- 
cal for some configurations. Q can range up to 
50 with very good accuracy and up to 500 with 
reasonable response. The extra gain of the 
4156 at high frequencies gives the Raytheon 
quad op amp an extra margin of performance in 
active-filter circuits. 
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Schematic Diagram (1/4 Shown) 
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RC4558 
High-Gain Dual 
Operational 
Amplifier 


Features 

2.5 MHz unity gain bandwidth guaranteed 
Supply voltage +22V for RM4558 and +15V 
for RC4558 

Short-circuit protection 

No frequency compensation required 

No latch-up 

Large common-mode and differential volt- 
age ranges 

Low power consumption 

Parameter tracking over temperature range 
Gain and phase match between amplifiers 


Description 


The 4558 integrated circuit is a dual high-gain 
operational amplifier internally compensated 
and constructed on a single silicon IC using an 
advanced epitaxial process. 


Combining the features of the 741 with the 
close parameter matching and tracking of a 


Operational Amplifiers 


dual device on a monolithic chip results in 
unique performance characteristics. Excellent 
channel separation allows the use of the dual 
device in single 741 operational amplifier 
applications providing density. It is especially 
well suited for applications in differential-in, 
differential-out as well as in potentiometric 
amplifiers and where gain and phase matched 
channels are mandatory. 


Ordering Information 


Operating 
Part Number Package Temperature 
Range 
RC4558M 0°C to +70°C 
RC4558N 0°C to +70°C 
-25°C to +85°C 
-25°C to +85°C 


-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


RV4558D 
RV4558N 


RM4558D 
RM4558D/883B 
RM4558T 
RM4558T/883B 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

D = 8-lead ceramic DIP 

T = 8-lead metal can (TO-99) 

M = 8-lead plastic SOIC 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 
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Connection Information 


8-Lead 
Dual In-Line Package 
(Top View) 


65-00210A 


Absolute Maximum Ratings 


Supply Voltage 

PMA SS ssccenccnnssnonvedannseasanwacautiveinbidesicseene +22V 

FR OS careers tate cacectenturesennneeentvens +18V 
TROUT VON OS® siete vacracdenavtaetncnceerewtennaceean: Z15V 
Differential Input Voltage .............ecceeeeeees 30V 
Output Short Circuit Duration” ............ Indefinite 
Operating Temperature Range 

FIMA4SSS. .sccesvvscesavnvepavnaeessae -55°C to +125°C 

FF tactcernrsscrereronetienered -25°C to +85°C 

FR 0S ivedeertinerars rinssseetomenins 0°C to +70°C 
Lead Soldering Temperature 

(50-8) 10 SOC) csnisniscsascsncecsntecvncsennenes +260°C 
Lead Soldering Temperature 

(DIP, TO-99; 60 S@C) ..........cccceceeeeeee +300°C 


*For supply voltages less than -15V, the absolute maxi- 
mum input voltage is equal to the supply voltage. 

**Short circuit may be to ground on one amp only. Rating 
applies to +75°C ambient temperature. 


RC4558 


8-Lead 


Metal Can TO-99 
(Top View) 


a 
S 


Function 

Output (A) 
-Input (A) 

+Input (A) 
“Vy 

+Input (B) 
-Input (B) 

Output (B) 
+V, 


ONOOARWND — 
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Die Size: 52 x 61 mils 
Min. Pad Dimensions: 4 x 4 mils 
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Thermal Characteristics 
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Ceramic 
DIP 
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Max. Junction Temp 


Matching Characterisitics 
(V, = £15V, T, = +25°C unless otherwise specified) 


RC4558 
Parameter Conditions Typ 


Voltage Gain Reka | i10 |B 
Input Bias Current R, 22 kQ 
Input Offset Current | R, 22 kQ 
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Electrical Characteristics (Vs = +15V and Ta, = +25°C unless otherwise specified) 


RM 4558 RV/RC4558 
Parameters Test Conditions 


win [te [ Wax 
input OrsetVorage «dt Assan «| S« (0 | 8 

_ 

_ 


= 
i — | 


input Orset Curent 
Finpotias Curent ———SS*YS 
Oo 


: 
Output Voltage Swing Ry = 10k +14 
Input Voltage Range 


Common Mode Rejection Ratio Rs < 10k 
Power Supply Rejection Ratio Rs < 10k. 
C 


—_ ao) Mm 

ro) olo 
No 
—) 
ra) 


+ 
—_ 
oS 
+ 
—s 
ow 
|< 


Ww 
So 
cm) 


ig 
So 
oO 
r}| © 
©] w 


A 
NO 
AN 
> 


LA 
RO 
i 
Go 
< 


Transient Response Vin = 20mV 
Rise Time Ry = 2kO 


= 
— 
a 


Channel Separation f = 10kHz, Rs = 1kO 
Unity Gain Bandwidth (Gain = 1) P| 5 | 80 


~~ 
a|o 
—s 
=) 
S 

~] 

S 


~ SI} ~N 
— D| oO 
Ww] © ww | O S 
o| © O | ww oS 


Input Offset Current 
RC4558 300 | nA 
RV4558 500 | nA 


Input Bias Current 
RC4558 
RV4558 


Output Voltage Swing +1 
[PowerConsumption —‘fa== + —+| 


anh, 

on 
am, 
aS 
aS OC 
<> aad 
> >} 


—S 
De) 
S 
ho 
S 
S 
= 
= 
2 


— 
I+ 
—, 
o 


4-196 Raytheon 


RC4558 


Typical Performance Characteristics 


input Bias Current as a Function 
of Ambient Temperature 


Input Bias Current (nA) 


Temperature (°C) 


Common Mode Range as a Function 
of Supply Voltage 
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Open Loop Gain as a Function 
of Temperature 


Voltage Gain 


Temperature (°C) 


Input Offset Current (nA} 


Voltage Gain (dB) 


Power Consumption (mW) 
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Input Offset Current as a Function 
of Ambient Temperature 


Temperature (°C) 


Open Loop Voltage Gain as a 
Function of Frequency 
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Typical Performance Characteristics (Continued) 


Typical Output Voltage as a Function Output Voltage Swing as a Function 
of Supply Voltage of Load Resistance 


pee | | AM, . 
NAL: 
MMM SL 


Ss kB 


L“YYYF MLM 
noo. MIMI 
B27 


4 6 8 10 12 16 18 
Supply Voltage _ 


Output Swing (V) 


Peak-to-Peak Output Swing (V) 
roronk® 


= 


Load Resistance (k{)) 


Output Voltage Swing as a Function Quiescent Current as a Function 
of Frequency of Supply Voltage 


a 
ET TET, = sv 
PT TUT ta = +25°c 
EM NUTT Re 


= 
= 5 3 
3 TET TA TET : 
: CUE NTE tT = 
é CONE CO E 
= SPaTimenait st Wot a, : 
- : 
100 10K 100K 1M 0 3 6 g 12 15 18 
Frequency (Hz) Supply Voltage (+V) 
Voltage Follower 
Transient Response Large Signal Pulse Response 


Vs = +15V 


Tg =t2°C 
Ry = 2kQ 


Output (mV) 
Output Voltage (V) 


65-00221A 


— 0.25 a 0.75 1.0 1.29 


Time {uS) 


Time (uS) 


4-198 Raytheon 


RC4558 Operational Amplifiers 


Typical Performance Characteristics (Continued) 


Input Noise Current input Noise Voltage 
as a Function of Frequency as a Function of Frequency 
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Typical Applications 


Voltage Follower Lamp Driver Ng 
+Vs 
Vo 1000 

Vin 

= 5K 
65-00228A 
Power Amplifier = 65-0229 
910K 


Comparator With Hysteresis 


Vin 
S 


65-00231A 
VIN 65-00230A 


Squarewave Oscillator 
100K 


65-00232A 
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Typical Applications (Continued) 


DC Coupled 1kHz Low-Pass 


AC Coupled Non-inverting Amplifier 
Active Filter 


16K 0.01uF Vout 
U 


65-00233A 65-00234A 


in Randpass: Active Filter AC Coupled Inverting Amplifier 
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Voltage Controlled Oscillator (VCO) 
0.05 uF 


= “Wide Control Voltage Range: OV < Vc < 2(+Vs - 1.5V) 


65-00237A 
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Schematic Diagram (1/2 Shown) 
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RC4559 
High-Gain Dual 
Operational 
Amplifier 


Features 

@ Unity gain bandwidth — 4.0 MHz typical, 
3.0 MHz guaranteed 

@ Slew rate — 2.0 V/uS typical, 
1.5 V/uS guaranteed 

M@ Low noise voltage — 1.4 pLV..,,., typical, 
2.0 LV. guaranteed 

@ Supply voltage — +22V for RM4559 and 
+18V for RC4559 

M No frequency compensation required 

@ No latch up 

@ Large common mode and differential voltage 
ranges 

@ Low power consumption 

m@ Parametric tracking over temperature range 

@ Gain and phase match between amplifiers 


Description 


The 4559 integrated circuit is a high performance 
dual operational amplifier internally compensated 
and constructed on a single silicon chip using an 
advanced epitaxial process. 


Operational Amplifiers 


These amplifiers feature guaranteed ac perform- 
ance which far exceeds that of the 741-type 
amplifiers. The specially designed low-noise 
input transistors allow the 4559 to be used in 
low-noise signal processing applications such as 
audio preamplifiers and signal conditioners. 


The 4559 also has more output drive capability 


than 741-type amplifiers and can be used to 
drive a 600Q load. 


Ordering Information 


Part Number Package 


RC4559M 
RC4559N 


Operating 
Temperature 
Range 


0°C to +70°C 
0°C to +70°C 


-25°C to +85°C 
-25°C to +85°C 


-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


RV4559D 
RV4559N 


RM4559D 
RM4559D/883B 
RM4559T 
RM4559T/883B 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

D = 8 lead ceramic DIP 

T = 8-lead metal can (TO-99) 

M = 8-lead plastic SOIC 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 


4-203 


Section 4 


Connection Information 


8-Lead Metal Can TO-99 
(Top View) 
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Absolute Maximum Ratings 


Supply Voltage 

PNAS 0S ssevescevmansnceaseaiianndsapiarteotsaneennace +22V 

PRCA AS SG cesecsweanicencrexcxcnvansamsiessvertonnt +18V 
PIDUL VONAOG™ issvisveceinezsszasnacssceeveaveneiavewsonse +15V 
Differential Input Voltage .................cceeeeeeees 30V 
Output Short Circuit Duration” ............ Indefinite 
Operating Temperature Range 

RM4559 ............ccsssscseeeeeeees -55°C to +125°C 

F409 pacsckcetetreeseeageeccaee neers -25°C to +85°C 

A Oo oesece eat enrerrerees 0°C to +70°C 
Lead Soldering Temperature 

(SOG: TO SEC) sssiessiniescenerescnneavenreniis +260°C 
Lead Soldering Temperature 

(DIP; TO-99; 60 SO) ssccscecrcccnmarsscexe +300°C 


*For supply voltages less than -15V, the absolute maxi- 
mum input voltage is equal to the supply voltage. 

**Short circuit may be to ground on one amp only. Rating 
applies to +75°C ambient temperature. 
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8-Lead Dual In-Line Package 
(Top View) 
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Function 
Output (A) 


-Input (A) 
+Input (A) 
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2 
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4 
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Output (B) 
+V, 
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Mask Pattern 


65-01537A 


Die Size: 52 x 61 mils 
Min. Pad Dimensions: 4 x 4 mils 
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8-Lead 8-Lead 


Thermal Characteristics 
8-Lead 
Small Outline Plastic Ceramic TO-99 


aaa Plastic SO-8 DIP DIP Metal Can 


Trem res. | | | ow | OO 


For T, >50°C Derate at 4.1mw/°C | 6.25 mW/°C | 8.33 mW/°C | 5.26 mMW/°C 


8-Lead 


Matching Characteristics 
(V, =+15V, T, = +25°C unless otherwise specified 


) 
RC4559 
Parameter Conditions Typ 
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Electrical Characteristics (Vs = +15V and T, = +25°C unless otherwise specified) 


Parameters Test Conditions 
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Typical Performance Characteristics 


Input Bias Current as a Function 
of Ambient Temperature 


Input Bias Current (nA) 
Input Offset Current (nA) 


© 65-00211A 


Temperature (°C) 


Common Mode Range as a Function 
of Supply Voltage 
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Common Mode Voltage Range (V) 
Voltage Gain (dB) 
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8 10 12 


Supply Voltage (V) 


16 18 


Open Loop Gain as a Function 
of Temperature 
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Input Offset Current as a Function 
of Ambient Temperature 


Temperature (°C) 


Open Loop Voltage Gain as a 
Function of Frequency 


= 65-00214A 


Frequency (Hz) 


Power Consumption as a Function 
of Ambient Temperature 


+40 
Temperature (°C) 


4-207 


Section 4 RC4559 


Typical Performance Characteristics (Continued) 


Typical Output Voltage as a Function Output Voltage Swing as a Function 
of Supply Voltage of Load Resistance 
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Typical Performance Characteristics (Continued) 


Input Noise Current as a Function of Frequency 
100 


Noise Current (pA/\/H 
Channel Separation (dB) (pA/V Hz) 


Output Voltage Swing (Volts, ,) 
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Output Voltage Swing vs. Frequency 
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Input Noise Voltage as a Function of Frequency 
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Noise Voltage (nV/ 


Total Harmonic Distortion vs. Output Voltage 
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RC4559 


Typical Applications 


400Hz Lowpass Butterworth Active Filter 
10K 


bh OOP AOA 


Stereo Tone Control 


EINA EINB 
2 QuF 2. 2uF 
5.0K 50K 5.0K : 5.0K 50K 5.0K Vs = +15V 
0.068 uF 0.068 uF 0.068 uF 0.068 uF 
5.0K 5.0K 
0.068 uF 0.068 uF 
Von 0.068 uF 0.068 uF Voe 
ot< t+} 
= 1.67K 1.67K i 
10K 10K 
= 50K 50K 
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RC4559 


Typical Applications (Continued) 


Triangular-Wave Generator 


RIAA Preamplifier 
EINa Eins Integrator 
C1 
©) ") Vs = +15V 0.1yF 
Voa = Vos Threshold 
6) SS () Detector Freq 
5.0uF ~ ~ 5.OuF 
750pF 750pF 
0.0027 uF 0.0027 uF 8.2K eases 
100K 1.2K 1.2K 100K 
= 65-00242A 


Low Frequency Sine Wave Generator With Quadrature Output 


0.02 uF 
5 Sine 


fo = 1.0Hz 


65-00244A 
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Schematic Diagram 
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RC4741 
General 
Purpose 
Operational 
Amplifier 


Features 

HM Unity gain bandwidth — 3.5 MHz (typ) 

Mi High slew rate — 1.6 V/pS (typ) 

H Low noise voltage — 9 nV/VHz (typ) 

Hi Input offset voltage — 0.5 mV (typ) 

Hi Input bias current — 60 nA (typ) 

Hi Indefinite short circuit protection 

Mi No crossover distortion 

@ Internal compensation 

Ml Wide power supply range — +2V to +20V 


Applications 

HM Universal active filters 

@ Audio amplifiers 

Mi Battery powered equipment 
lm D3 communications filters 


Description 


The RC4741 is a monolithic integrated circuit, 
consisting of four independent operational 
amplifiers constructed with the planar epitaxial 
process. 


These amplifiers feature ac and dc perform- 


ance which exceed that of the 741 type amplifi- 


ers. Its superior bandwidth, slew rate and 


Operational Amplifiers 


noise characteristics make it an excellent 
choice for active filter or audio amplifier applica- 
tions. 


A wide range of supply voltages (+2V to +20V) 
can be used to power the RC4741, making it 
compatible with almost any system including 
battery powered equipment. 


Connection Information 


14-Lead Dual In-Line Package 
(Top View) 


65-0418 


Pin Function Pin Function 
1 Output (A) 8 Output (C) 
2 _ -Input (A) 9 ~~ -Input (C) 
3 +Input (A) 10 +Input (C) 
4 +V, 11. Ground 
5 — +Input (B) 12  +Input (D) 
6 — -Input (B) 13 = -Input (D) 
7 Output (B) 14 Output (D) 
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Ordering Information 


Operating 
Temperature 
Range 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 14-lead plastic DIP 

D = 14-lead ceramic DIP 

M = 14-lead small outline 

Contact a Raytheon sales office or representative for 
ordering information on special package/femperature 
range combinations. 


RC4741 

Absolute Maximum Ratings 
Supply Voltage ............:ccccsssssecceeeesseeeeeseees +20V 
Differential Input Voltage ..............sesssseseeee 30V 
WUT VONROS” seccesinsaissisardomadaaxsvaevenies tov 
Output Short Circuit 
TAO cccrcvepiecevinttiantceracsevewsortioust Indefinite 
Storage Temperature 

PANGS cis ceciciesenrnsemetes: -65°C to +150°C 
Operating Temperature Range 

PRIA 4T cracccsnscdicaismsnntereicins -55°C to +125°C 

RATAN crxicissateianassceieconan 0°C to +70°C 
Lead Soldering Temperature 

(DIF; GO SOC) scepscdetisnecevascesaccenstaninn +300°C 

(50-14, 10 SOC) eisccccsvecesissvatesccceadenns +260°C 


*For supply voltages less than +15V, the absolute 
maximum input voltage is equal to the supply voltage. 
**Short circuit to ground on one amplifier only. 


Mask Pattern 


Die Size: 80 x 84 mils 
Min. Pad Dimensions: 4 x 4 mils 
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Thermal Characteristics 


14-Lead 
Small Outline Plastic 
SOIC DIP 


DIP 
tem Aeste | dT S| 


For T, >50°C Derate at 6.25 mW/°C | 8.38 mW/°C 


14-Lead 


5.0 mW/°C 


Test Conditions 
Rs < 10k 


Input Bias Current 
Input Resistance 


Large Signal 
Voltage Gain 


LA 
on 


Supply Current 
(All Amplifiers) 


Transient Response 
Rise Time 


Overshoot 
Slew Rate 
Unity Gain Bandwidth 


Raytheon 
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a0 


an 
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Electrical Characteristics 
(VS = +15V and -55°C <T, < +125°C for RM4741, 0°C < T, < +70°C for RC4741) 


Parameters Test Conditions 
Input Offset Voltage Rs < 10k 
Input Offset Current 

Input Bias Current 


Large Signal Ri = 2k 
Voltage Gain Vout +10V 


. R, = 10ko a1 
Output Voltage Swing 


Supply Current 
(All Amplifiers) 


Average Input Offset 
Voltage Drift 


Common Mode Rs < 10k 
Rejection Ratio AV +5.0V 


Power Supply Rs < 10k9 
Rejection Ratio AV +5.0V 


= 
= 
< 


Typical Performance Characteristics 


Open Loop Frequency Response Power Supply Rejection Ratio vs. Temperature 


CTT TIT TTT UT 
CT ASM LIT UIT TTT Re = 2« [Tl 
ST NTT TTT TTT Cu = Spe Uf 
NaPhasefll_| [Ful Gain lI | | 
INET CUMIN TUT TTT 45 
CT SU CUT PTT TT 


90 


110 
100 
90 


Open Loop Voltage Gain (dB) 
Rejection Ratio (dB) 


Phase (Degrees) 


| | | Bhi. 


ON | AUN ON A 


0 | il | ' 
9 CLM TTT TTT Ta °° 
1 10 100 1K 10K 100K 1M 10M -75 -50 -25 0 +25 +50 +75 +100 +125 
Frequency (Hz) Temperature (°C) 
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Typical Performance Characteristics (Continued) 


Normalized Value Referred to +25°C 


Channel Separation vs. Frequency 
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Transient Response vs. Temperature 
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Normalized AC Parameters vs. Temperature 


Normalized Value Referred to +25°C 


12 


Pte te tT TT 
RSSHESSEREEERS 
Se 


Slew Rate Bandwidth ss, 


725 


+100 


+25 +50 
Temperature (°C) 


+75 
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Noise Voltage (nV/\, Hz} 


Normalized AC Parameter 
Referred to Value +15V 


100K 


Vor 


CS. = 20 log ae} 
100 Voy 


= 100K 
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Input Noise vs. Frequency 
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Input Noise Current (PA/\, Hz} 


10K 


100K 
Frequency (Hz) 
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Slew Rate vs. Supply Voltage 
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Typical Performance Characteristics (Continued) 


Small Signal Bandwidth and Phase Margin 


vs. Load Capacitance 
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Input Currents vs. Temperature 
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Output Voltage Swing (Vp-p) 


Output Voltage Swing vs. Frequency 
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Common Mode Rejection Ratio vs. Temperature 
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Maximum Output Voltage Swing vs. Load Resistance 


Peak-to-Peak Output Voltage Swing [V) 
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10K 100K 


Load Resistance (()) 
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Schematic Diagram (1/4 Shown) 


(2,6,9,13) 


(1,7,8,14) 


@ 
(3,5,10,12) Output 
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RC5532/5532A 
High Performance 
Dual Low Noise 
Operational 
Amplifier 


Features 

H Small signal bandwidth — 10 MHz 

M Output drive capability — 600Q, 10 V..., 
M Input noise voltage — 5 nV/VHz 

mM DC voltage gain —- 50,000 

@ AC voltage gain — 2200 at 10 kHz 

M@ Power bandwidth — 140 kHz 

M@ Slew rate — 8 V/uS 

M@ Large supply voltage range — +8V to +20V 


Description 


The 5532 is a high performance, dual low noise 
operational amplifier. Compared to the stan- 
dard dual operational amplifiers, such as the 
1458, it shows better noise performance, 
improved output drive capability, and consid- 
erably higher small-signal and power band- 
widths. 


RC5532/5532A 


This makes the device especially suitable for 
application in high quality and professional 
audio equipment, instrumentation, and control 
circuits, and telephone channel amplifiers. The 
Op amp is internally compensated for gains 
equal to one. If very low noise is of prime 
importance, it is recommended that the 5532A 
version be used which has guaranteed noise 
specifications. 


Ordering Information 


Part Number Package Temperature 
Range 

RC5532N N 0°C to +70°C 

RM5532D D -55°C to +125°C 
RM5532D/883B* D -55°C to +125°C 
RM5532AD D -55°C to +125°C 
RM5532AD/883B* D -55°C to +125°C 
RM5532T qi -55°C to +125°C 
RM5532T/883B* T -55°C to +125°C 
RM5532AT T -55°C to +125°C 
RM5532AT/883B* T -55°C to +125°C 


Notes: 

*/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

D = 8 lead ceramic DIP 

T = 8-lead metal can TO-99 

Contact a Raytheon sales office or representative for 

ordering information on special package/temperature 

range combinations. 
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Connection Information 


8-Lead TO-99 Package 
(Top View) 


8-Lead Dual In-Line Package 
(Top View) 


= 
S 


Function 

Output (A) 
-Input (A) 

+Input (A) 
-V 


+Input (B) 
-Input (B) 
Output (B) 
+V. 


ONOOAWND — 


65-01782A 


Absolute Maximum Ratings 


SUDDIY VONAGE siccncercersenncsennunsiirinscinseuoeseeenns 4+22V 
OUT VOMAGG seuicsevscestanantsniessdecessseransses +V Supply 
Differential Input Voltage.............ccceeceseeeees 0.5V 
Operating Temperature Range 

FMS SS? cocntnviiannneniatentesinsiwes -55°C to +125°C 

FPR a arcserencestwnseeevinestesateiecentues 0°C to +70°C 
Storage Temperature 

FANG sic veieccojencinntsarennvaviease -65°C to +150°C 
Lead Soldering Temperature 

CD SSE) cccnucensaasadecabivinaptaabsonvesenrerecatns +300°C 


Die Size: 78 x 104 mils 
Min. Pad Dimensions: 4 x 4 mils 


Thermal Characteristics 


8-Lead 8-Lead 8-Lead 
Plastic DIP Ceramic DIP TO-99 Metal Can 
Max. Junction Temp. 125°C 175°C lwo G 
Max. P,, T, <50°C 468 mW 833 mW 


Therm. Res 6,, fF 45°C/W 
Therm. Res. @,, 160°C/W 150°C/W 
For T, >50°C Derate at | 6.25mW/°C_ | 8.33 mW/°C 9.26 mW/°C 
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DC Electrical Characteristics (Vv, =+15V andT, = +25°C unless otherwise noted) 


RM5532/5532A RC5532/5532A 
Parameters Test Conditions Min Typ Max Min Typ Max 
Input Offset Voltage 


Over Temperature 3.0 mV 


100 10 150 
Over Temperature 200 200 | nA | 


Input Offset Current 


Input Bias Current 


Over Temperature 700 1000 nA 
Supply Current 6.0 11 6.0 16 mA 
Input Voltage Range +12 #13 +12 +13 V 
Common Mode Rejection Ratio 80 100 70 100 dB 


Power Supply Rejection Ratio 


R, 2>2kQ, V, = +10V 


: 
on 
oO 
< 
= 
i 
< 


Large Signal Voltage Gain Over Temperature Pd 
R, 2 600Q, V,=+10V] 40 15 50 
Over Temperature 2 
R, 2 600Q +12 413 +12 #13 V 
Output Voltage Swing R, = 6002, V, = +18V | +15 +16 £15 +16 V 


8 


: | 
| 
< 
— 
E 
< 


Input Resistance (Diff. Mode) 
Short Circuit Current 


ZA 
no 


re) 
B 
> 


Notes: 1. Diodes protect the inputs agains over-voltage. Therefore, unless current-limiting resistors are used, large currents 
will flow if the differential input voltage exceeds 0.6V. Maximum current should be limited to +10mA. 


2. For RC5532/RC5532A: T,,,, = 0°C, Ty, = +70°C 
3. For RM5532/RM5532A: T,,,,, = -55°C, T,,,, = +125°C 


MAX 


Electrical Characteristics (V, = +15V andT, = +25°C 


) 
RC/RM5532 RC/RM5532A 
Test Conditions Min Typ Max 


Ty 
f, = 30 Hz 8.0 8.0 12 | nVANHz 
f, = 1 kHz 5.0 5.0 6.0 
f, = 30 Hz 27 27 pA/VHz 
f, - 1 kHz 0.7 0.7 


Parameters 


Input Noise Voltage Density 


Input Noise Current Density 
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AC Electrical Characteristics (Vv, =+15V andT, = +25°C ) 


RC/RM5532/5532A 
Parameters Test Conditions Min Typ Max 


A, = 30 dB Closed Loop, f = 10 kHz, R, = 600Q 
Overshoot Unity Gain, V,,, = 100 mV, , 
C, = 100 pF, R, = 600Q 


Gain Bandwidth Product | C, = 100 pF, R, = 6002 p10 


Power Bandwidth Vout = £10V 
V 


OUT 


= +14V, R, = 6009, V,, = +18V 


Test Circuits 


Closed Loop Frequency Response Voltage Follower 


Overshoot 
O +Vs 


Rs 
y20\ 0) 


VC fe 100pF T 6000 | 


65-01795A 


65-01794A 
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Typical Performance Characteristics 


Gain (dB) 


Vojp-p) (V) 


Ic (mA) 
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Open Loop Frequency Response 


oe 


65-01783A 


wi_| | | | | 
10 


102 10° 104 10° 108 10’ 
{(Hz} 


Large Signal Frequency Response 


Vs = +15V 
Typical Values 


65-01787A 


Supply Voltage (+V) 
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Io (mA) 


I) (uA) 


RC5532/5532A 


Closed Loop Frequency Response 
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Ta PQ) 


+75 +100 +125 +150 


Input Bias Current 


Ld 
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Typical Performance Characteristics (Continued) 


Typical Output Voltage as a Function Common Mode Range as a Function 
of Supply Voltage of Supply Voltage 
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Section 4 RC5532/5532A 


Schematic Diagram (1/2 Shown for 5532) 
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RC5534/5534A 
High Performance 
Low Noise 
Operational 
Amplifier 


Features 

H Small signal bandwidth — 10 MHz 

™@ Output drive capability — 600Q, 10 V.., 
at V, = +18V 

H Input noise voltage — 4 nV/VHz 

M@ DC voltage gain — 100,000 

@ AC voltage gain — 6000 at 10 kHz 

@ Power bandwidth — 200 kHz 

M@ Slew rate — 13 V/uS 

@ Large supply voltage range — +8V to +20V 


Description 


The 5534 is a high performance, low noise 
operational amplifier. Ths amplifier features 
popular pin-out, superior noise performance, 
and high output drive capability. 


This amplifier also features guaranteed noise 
performance with substantially higher gain- 
bandwidth product, power bandwidth, and slew 
rate which far exceeds that of the 741 type 


Operational Amplifiers 


amplifiers. The 5534 is internally compensated 
for a gain of three or higher and may be exter- 
nally compensated for optimizing specific 
performance requirements of various applica- 
tions such as unity-gain voltage followers, 
drivers for capacitive loads or fast settling. 


The specially designed low noise input transis- 
tors allow the 5534 to be used in very low noise 


signal processing applications such as audio 
preamplifiers and servo error amplifiers 


Ordering Information 


Operating 
Part Number Package Temperature 
Range 
RC5534N 0°C to +70°C 
RC5534AN 0°C to +70°C 


RM5534D D -55°C to +125°C 
RM5534D/883B* D -55°C to +125°C 
RM5534AD D -55°C to +125°C 
RM5534AD/883B* D -55°C to +125°C 
RM5534T I -55°C to +125°C 
RM5534T/883B* T -55°C to +125°C 
RM5534AT T -55°C to +125°C 
RM5534AT/883B* T -55°C to +125°C 


Notes: 


*/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

D = 8 lead ceramic DIP 

T = 8-lead metal can TO-99 

Contact a Raytheon sales office or representative for 
ordering information on special package/Aemperature 
range combinations. 
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Section 4 


Connection Information 


RC5534/5534A 


8-Lead TO-99 Package 8-Lead Dual In-Line Package 
(Top View) 


65-01757A 


Mask Pattern 


7 6 
8 
1 
2 3 
Die Size: 83 x 51 mils 
Min. Pad Dimensions: 4 x 4 mils 


Thermal Characteristics 


8-Lead 
Plastic DIP 


(Top View) 


a 
5 


Function 


Compensation 
Output 

+V., 

Vog Frim/ 
65-01756A Compensation 


ONOOAWN — 


Absolute Maximum Ratings 


UDO VONAIG  vcaniniscecesivetieneseacescasederennvases +22V 
Differential Input Voltage ..................sccccsees 0.5V 
HIDUL VOUGOGS csissivessusssescacncnxntoanseiunncts +V Supply 
Storage Temperature 

FANGS: cacctsetatisarnteciseinen -65°C to +150°C 
Operating Temperature Range 

PUM S947 weccscpsnceantnaseceectuse -55°C to +125°C 

FSSA, scvsescsexsnpeueracacteeenees 0°C to +70°C 
Lead Soldering Temperature 

(GO SOC) i vonnsscess-cotcnsnsserdevastscesencacctees +300°C 
Output Short Circuit Duration” .............. +300°C 


“Short circuit may be to ground only. Rating applies to 
+125°C case temperature or -175°C ambient temperature. 


8-Lead 


Ceramic DIP TO-99 Metal Can 


Max. Junction Temp. +125°C +175°C +175°C 


Max. P,, T, <50°C 468 mW 


Therm. Res. 6,, 160°C/W 
For T, >50°C Derate at | 6.25 mW/°C 
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833 mW 
45°C/W 
150°C/W 


8.33 mW/°C 5.26 mW/°C 


RC5534/5534A Operational Amplifiers 


Electrical Characteristics (Vv, = +15V and T, = +25°C unless otherwise noted) 


| RMS534/A_—|——_RCS534/A 
Parameters Test Conditions | Min Typ Max | Min ue Max 


Pos 20 40 
FinputOfsercuren | «SSCS 
a 
eaten Pe) er tee 
Outputvorage Swing «(| Reson «LHC 
aan RO aE 
[connor oRaecinfso| Asin [eo oo | 
| Power Supply Rejection Ratio | R,stka | 86 t00, | 8 
Csapvomen [R= || 
Rise Time = - 100 oF, C. = 22 pF 
a Ra 
LE a LE 
a 
200 
pe 
po 
Pp 8 
a ae 
| SS34A 
P5570 
p88 4 
ee 
a ae 


mV 
1500 


V/mV 


Aa 
ro) 


8.0 


” 


Ps 


VALS 


4 
< 


RMS 


pA 


Ps) 
= 
~” 


= 
> 


Broadband Noise Figure f = 10 Hz - 20 kHz, 
R, = 5 kQ 


The following specifications apply for -55°C < T, < +125°C for RM; 


0°C < +70°C for RC, V. = +15V 


RM5534/A RC5534/A 


1500 


= | 
< 


owen re [Reef 


V/mV 
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Section 4 RC5534/5534A 


Typical Performance Characteristics 


Input Bias Current vs. Temperature Slew Rate vs. Compensation Capacitor 
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SE eS tt 
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Input Bias Current (uA) 
Slew Rate (V/,.S) 


aul | tt TT 
oL_ LLU | titi tt 5 
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Temperature (° C) Cc (pF) 


Common Mode Range as a Function 
of Supply Voltage Open Loop Gain vs. Frequency 
15 


yey a) er et ats eta 
eZ eh eee 
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Voltage Gain (dB) 


Common Mode Voltage Range 
fom] 


ai t 
KW Y Yy ee ge AT NAN, MATH 
s L KZ Y = Y ; 20 fF Sac8 TNS ima ; 
or : mS 
45 SECT AN 3 
4 6 8 14 Lid 10 100 1K 10K 100K 1M 10M 100M 
sun oie (+V) Frequency (Hz) 


Open Loop Gain vs. Temperature 


ee 
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0 +10 +20 +30 +40 +50 +60 +70 
Temperature (°C) 


4-230 Raytheon 


RC5534/5534A Operational Amplifiers 
Typical Performance Characteristics (Continued) 


Typical Output Voltage as a Function 
of Supply Voltage Output Voltage vs. Load Resistance 


a 


+1 Gf eas 
3, 2 SEH Y/Y //f 22H 
DZ”) CFCs es: 

MES oe Sey a _ ; 


Supply ‘ili a Load Resistance (() 


Quiescent Current as a Function 
Output Voltage vs. Frequency of Supply Voltage 


Hl 

Sn TT aunill 
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a 
Cr OTT 
e Sette PEA ONT 
Cos Pn TINA LOSS 
CoML Fo aoe NTT ‘ 


Output (Vp-p) 
Quiescent Current (mA) 
Per Amplifier 
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Typical Performance Characteristics (Continued) 


Input Noise Voltage Input Noise Current 
as a Function of Frequency as a Function of Frequency 
1000 F=EF 100 — Sy ae 
SS Si ett A Vo = +15 SRE 
= 3 a mail : 
S100 LS 2 40 aia vt nS fieew lll 
> == 2. — Ses a CoH eee at sii esis eee ess tees 
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1 10 100 1K 10K 100K 10 100 10K 100K 
Frequency (Hz) Frequency (Hz) 
Closed Loop Frequency Response Test Circuit 
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65-01772A 


Total Harmonic Distortion 
vs. Output Voltage 


Pt 
ANE 


Offset Voltage Adjust Circuit 


Total Harmonic Distortion (%) 


65-01773A 


10 65-01774A 


Output Voltage (Vams) 
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RC5534/5534A Operational Amplifiers 
pi ee 


Schematic Diagram 


Vee Tim Vos Trim/Compensation Compensation 
1 (8) (5) 
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04 150 
02 D1 Gl 
-Input 
(3) 
R18 
14 
Output 
6 
R19 
14 


65-01726B 


Raytheon 


4-233 


Section 4 


LF155/156/157 
JFET-Input 
Operational 
Amplifiers 


Features 


All Devices 

@ Low input offset voltage — 0.3 mV 

@ High common mode rejection ratio — 
100 dB 

@ Low input bias current — 30 pA 

@ Low input noise current — 0.01 pA/VHz 

@ Low input offset voltage drift — 3.0 pV/C 


LF155 Only 
@ Low supply current — 2.5 mA 


LF156 Only 

@ High slew rate — 13 V/uS 

@ Wide gain bandwidth — 8 MHz 
Fast settling time to 0.01% — 4 uS 


LF 157 Only 

@ High slew rate — 60 V/uS 

M@ Wide bandwidth decompensated (A,., = 
5 min) — 28 MHz 

@ Fast settling time — 4 uS 


LF155/156/157 


Description 


The LF156 series of JFET-input operational 
amplifiers feature low input bias currents and 
high slew rate. They are direct replacements for 
the industry standard LF155/156/157 types 
(except that pin 8 is used for internal post- 
package V_,, trimming, so pin 8 cannot be used 
for PC board trace routing). Only military 
temperature range devices are available. 


The LF155 is a general-purpose device having 
lower internal power dissipation than the other 
two versions, and a slew rate of 5 V/uS. 


The LF156 has higher internal stage currents 
than the LF155, giving it a slew rate of 12 V/uS. 
The LF156, like the LF 155, is compensated for 
ac Stability in unity-gain applications. 


The LF157 decompensated version is the 
fastest member of the series, with a 45 V/uS 
slew rate. The LF157 requires a minimum 
closed-loop gain configuration of +5 for ac 
Stability. 


Two accuracy grades are offered for each 
version; the "A" versions have tighter Vos: ls 
and |. specifications. All types are offered in 
hermetic DIP, TO-99 can, and LCC packages, 
and can be ordered with Mil-Std-883, Level B 
processing. 
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LF155/156/157 


Connection Information 


8-Lead 8-Lead 
Dual In-Line Package TO-99 Metal Can 
(Top View) 


1 


Ss 
Int. Trim* 


20-Pad LCC 
(Top View) 


Function 


Int. Trim* 


SODNAMAWND — 


“This pin has no user function, but is connected 
to an internal trim network. 


Part Number 


LF155AD 
LF156AD 
LF157AD 
LF155D 

LF156D 

LF157D 

LF155AT 
LF156AT 
LF1I57AT 
LF155AL 
LF156AL 


Ordering Information 


Package 


Operational Amplifiers 


Operating 
Temperature 
Range 


-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


Raytheon 


—-~-eoeae A Fd UOUOOOUCU9U 


LF157AL -55°C to +125°C 


Notes: 

Add /883B suffix to basic part number to specify Mil-Std- 
883, Level B processing. 

L = 20-pad leadless chip carrier 

D = 8 lead ceramic DIP 

T = 8-lead metal can (TO-99) 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 


Section 4 LF155/156/157 


Absolute Maximum Ratings Mask Pattern 
Supply Voltage ..........cccccssssssssecceeesreeeeeeesees +22V 
Differential Input Voltage Range ............... +40V 
Input Voltage Range” ................cccseseseeeeeees +20V 
Output Short Circuit................ eee Continuous 
Operating Temperature 

PFANGG *acanasccesececintuntencscersexs -55°C to +125°C 
Storage Temperature 

PIANOS sesesenecierraveinceneos -65°C to +150°C 
Lead Soldering Temperature 

(OO SOG) puecady ctusteaeventaeseeeueneersteaievas +300°C 


“For supply voltages less than +20V, the absolute maxi- 
mum input voltage is equal to the supply voltage. 


Die Size: 87 x 105 mils 
Min. Pad Dimensions: 4 x 4 mils 


Thermal Characteristics 


For T, >50°C Derate at 9.26 MW/°C | 8.33 mW/°C | 7.0 mW/°C 


8-Lead 20-Lead 
TO-99 LCC 
Metal Can Package 
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Electrical Characteristics (415v < Vv, < +20V, T, = +25°C, unless otherwise noted) 


LF155A/ LF155/ 
156A/157A 156/157 
Parameters Test Conditions Min Typ Max | Min Typ Max 


Input Offset Voltage R, = 50Q, V,,, = OV | 0.8 2.0 | 0.4 5.0 
Input Offset Current Vow = OV, T, = +25°C 0 


6 2 
Input Bias Current Va, = OV, T, = +25°C 30 50 30 100 


Large-Signal Voltage Gain V,=+15V, R, 2 2kQ 50 6200 V/mV 
Vo = +10V 
Output Voltage Swing +12 413.5 +12 213.5 V 
: £ +10 +13.2 +10 +13.2 V 


Supply Current 


S 


VCL 
Avo, = +1, Vg = +15V, LF156 
Settling Time 
To 0.01%, LF157 
Input Voltage Range V, = +15V 
100 Hz, LF155 
1000 Hz 


LF156/157 
Slew Rate Avo. = +1, Vg = £15V, LF155 
Avo. = +1, V, = +15V, LF156 
Avo, = +5, Vg = £15V, LF157 
Avo, = +5, Vg = +15V, LF157 
To 0.01%, LF155 
Common Mode Rejection Ratio} V.,,=+10.5 
Power Supply Rejection Ratio | V, =+10V to +20V 
= t15V 
= 100 Hz, LF156/157 


Gain Bandwidth Product Ayo, = +1, V, = £15V, LF155 
To 0.01%, LF156 
Input Noise Voltage Density Rg = 100Q, V, = +15V 
1000 Hz 


Input Noise Current Density 
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Section 4 LF155/156/157 


Electrical Characteristics (115v < V, < +20V, -55°C < T,< +125°C, unless otherwise noted) 


LF155A/ LF155/ 
156A/157A 156/157 
Parameters Test Conditions 


Min Typ Max; Min Typ Max 


scour rameecae| S| [ae 
Voltage Drift With external trim, R, = 50Q 3.0 pvc 


: 
Input Voltage Range Vg = +15V +10.44+15.1 +10.4+15.1 V 
-12.0 -12.0 


Power Supply Rejection Ratio | V, =+10V to +20V 85 100 85 100 dB 
50 


Large Signal Voltage Gain Vg = +15V, R, 2 2kQ, 25 4 V/mV 
Vo = +10V 

Output Voltage Swing R, 210 kQ, V. = +15V +12 413.5 Eie 13.5 V 
R, 2 2kQ, V, =+15V +10 +13.0 +10 +13.0 V 


O O Vour 
-15V Summing Node 3kQ 
2kQ 
* 400Q +0.1% for LM157A eneue 


**4 kKQ £0.1% for LM157A 


Settling -Time Test Circuit 
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LF155/156/157 


+Vsg 


Note: For potentiometers with a temperature 
coeficient < 100 ppm/ °C, the added TCV 
with nulling is ~ 0.5}.V/°C /mV of adjustment 


Input Offset Voltage Nulling 


Applications Information 


Input Voltage Considerations 


The LF155/156/157 JFET input stages can 
accommodate large input differential voltages 
without external clamping as long as neither 
input exceeds the negative power supply. An 
input voltage which is more negative than -V., 
can result in a destroyed unit. 


If both inputs exceed the negative common 
mode voltage limit, the amplifier will be forced 
to a high positive output. If only one input 
exceeds the negative common mode voltage 
limit, a phase reversal takes place forcing the 
output to the corresponding high or low state. In 
either of the above conditions, normal operation 
will return when both inputs are returned to 
within the specified common mode voltage 
range. 


Exceeding the positive common mode limit on 
a single input will not change the phase of the 
output. However, if both inputs exceed the limit, 
the output of the amplifier will be forced to a 
high state. 


Raytheon 


Operational Amplifiers 


Burn-in Circuit 


Dynamic Operation Considerations 


As with most amplifiers, care should be taken 
with lead dress, component placement, and 
supply decoupling in order to ensure stability. 
For example, resistors from the output to an 
input should be placed with the body close to 
the input. This minimizes "pick-up" and in- 
creases the frequency of the feedback pole by 
minimizing the capacitance from input to 
ground. 


A feedback pole is created when the feedback 
around any amplifier is resistive. The parallel 
resistance and capacitance from the input of 
the device to ac ground sets the frequency of 
the pole. In many instances, the frequency of 
this pole is much greater than the expected 

3 dB frequency of the closed-loop gain. Conse- 
quently, the pole has negligible effect on stabil- 
ity margin. However, if the feedback pole is less 
than approximately six times the expected 3 dB 
frequency, a lead capacitor should be placed 
from the output to the inverting input of the op 
amp. The capacitor value should be such that 
the RC time constant of the capacitor and 
feedback resistor is greater than, or equal to, 
the original feedback-pole time constant. 
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Section 4 


Schematic Diagram 
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LM101A/LH2101A 


LM101A/ 
LH2101A 
General 
Purpose 
Operational 
Amplifier 


Features 

Offset voltage 3.0 mV maximum over 
temperature 

Input current 100 nA maximum over tem- 
perature 

Offset current 20 nA maximum over tem- 
perature 

Offsets guaranteed over entire common 
mode range and supply voltage range 
Frequency compensated 30 pF 

Supply voltage +5.0V to +20V 


Description 


The LM101A/LH2101A is a general purpose 
high performance operational amplifiers fabri- 
cated monolithically on a silicon chip by an 
advanced epitaxial process. The LH2101A 


Raytheon 


Operational Amplifiers 


consists of two LM101A ICs in one 16-lead 
DIP. The units may be fully compensated with 
the addition of a 30 pF capacitor stabilizing the 
circuit for all feedback configurations including 
capacitive loads. 


The device may be operated as a comparator 
with a differential input as high as +380V. Used 
as a comparator the output can be clamped at 
any desired level to make it compatible with 
logic circuits. 


The LM101A and LH2101A operate over the 
full military temperature range from -55°C to 
+125°C. 


Ordering Information 


Operating 
Part Number Package Temperature 
Range 


LM101AD -55°C to +125°C 
-55°C to +125°C 


LM101AD/883B 
LM101AT -55°C to +125°C 


LM101AT/883B -55°C to +125°C 
LH2101D -55°C to +125°C 
LH2101D/883B -55°C to +125°C 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
D = 8-lead ceramic DIP (LM101 types) 

D = 16-lead ceramic DIP (LH2101 types) 

T = 8-lead metal can TO-99 

Contact a Raytheon sales office or representative for 
ordering information on special package/Aemperature 
range combinations. 
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Section 4 LM101A/LH2101A 


Connection Information 
8-Lead TO-99 Metal Can 8-Lead Dual In-Line Package 
(Top View) (Top View) 


Function 
Comp/V,, Trim 


p 
1 
2 
3 
4 
5 
6 
7 
8 


= 
= 


Function Function 
+V, (B) 


ONOOhWND — 


Output (A) 
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Absolute Maximum Ratings 


SUDO VONBOG cccietincicvintoccnsavecisncearvussexcesins +22V 
Differential Input Voltage.................eeesessseees 30V 
IOUT VONAOG” sivisiysceircaciesvenceesusionrennyscit +15V 
Output Short-Circuit Duration” ........... Indefinite 
Storage Temperature 

FRANIGE scirsiratsatciactesstrateeos -65°C to +150°C 
Operating Temperature Range 

LM101A, LH2101A ............ -55°C to +125°C 
Lead Soldering Temperature 

HOO SOC acecgeerensicocrtcanincn seeuteccnees +300°C 


*For supply voltages less than +15V, the absolute maxi- 
mum input voltage is equal to the supply voltage. 


Thermal Characteristics 


8-Lead 
Ceramic 
DIP 


Max. P, T, <50°C 


Raytheon 


som | _osemw | 082m 


Operational Amplifiers 


Mask Pattern 


65-01260A 


Pin numbers are for 8-lead devices 


Die Size: 55 x 55 mils 
Min. Pad Dimensions: 4 x 4 mils 


16-Lead 
Ceramic 
DIP 
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Section 4 LM101A/LH2101A 


Electrical Characteristics 
(C = 30 pF; +5.0V <V, < +20V; -55°C < T, < +125°C unless otherwise specified) 


LM101A/LH2101A 
Min Max ae 
is 
oe 


mV 
nA 
nA 
MQ 
T, = +25°C, V, = +15V 
Vour= £10V, R, 22 kQ 

| 


22 
V, = +15V 
Vour = t10V, R, > 2 kQ 
V 
2 
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LM101A/LH2101A 


Typical Performance Characteristics 


Voltage Gain 


Supply Current 
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Current Limiting 


Input Bias Current 


(yu) juan seig yndu) 


Output Current (mA) 


Supply Voltage (+V) 


Maximum Power Dissipation 


Input Current 
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Typical Performance Characteristics (Continued) 
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Voltage Gain (dB) 


Open Loop Frequency Response 


1K 
Frequency (Hz) 


Voltage Swing [(V) 


10K 100K 1M 10M 


16 


12 


Output Swing (+V) 
co 


65-00599A 
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Voltage Follower Pulse Response 
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Large Signal Frequency Response 
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LM101A/LH2101A 


Typical Applications 


inverting Amplifier With Balancing Circuit 


R1 R2 


Input © 


O Output 


R3 
50K 


+May be zero or equal to parallel combination of R1 and R2 


for minimum offset. 
65-00602A 


Low Drift Sample and Hold 


Output O 


Input O 


C2* 
0.1uF 


“Polycarbonate dielectric capacitor = 65-00604A 


Operational Amplifiers 


Voltage Comparator for Driving DTL or 
TTL Integrated Circuits 


a 65-00603A 


Voltage Comparator for Driving RTL Logic 
or High Current Driver 


a1 
MES 2N2222 


— 65-00605A 
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Schematic Diagram 


(1) (8) 
Comp/-Vos Trim O O Compensation 


+Vs 
(7) 
Inverting 6 
Input 
-Q 
(3) 
+Q 
Non-Inverting 
input Output 
(6) 
Q21 
-Vs 


65-00592B 


(5) 
Vos Trim 
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LM124/324 Operational Amplifiers 


LM1 24/ 324 current-sinking resistor to -V, will reduce 


crossover distortion. There is no crossover 


Single-Supply = Sxevoxrnuanmee 
Quad 

Operational 
Amplifiers 


Features 

m™@ Large dc voltage gain — 100 dB 

lm Compatible with all forms of logic 

™ Temperature compensated 

M@ Wide bandwidth at unity gain frequency — 
1 MHz 

m@ Large output voltage swing — OV to +V, 
-1.5V 

Input common mode voltage range includes 
ground 


Connection Information 


14-Lead Dual In-Line Package 
(Top View) 


Description 


Each of the devices in this series consists of 
four independent high-gain operational amplifi- 
ers that are designed for single-supply opera- one 

tion. Operation from split power supplies is Pin Function Pin Function 
also possible and the low power supply drain is 


independent of the magnitude of the power : rene : etre 
supply voltage. 3 +Input (A) 10 +Input (C) 
Used with a dual supply, the circuit will operate 4 4, 11. Ground 

over a wide range of supply voltages. How- : ae is daha 
ever, a large amount of crossover distortion 7 Output (B) 14 Output (D) 


may occur with loads to ground. An external 
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Ordering Information 


Operating 
Part Number Package Temperature 
Range 
LM324M 0°C to +70°C 
LM324N 0°C to +70°C 
LM124D -55°C to +125°C 
LM124D/883B* -55°C to +125°C 


Notes: 

*/883B suffix denotes Mil-Std-883, Level B processing 
N = 14-lead plastic DIP 

D = 14-lead ceramic DIP 

M = 14-lead plastic SOIC 

Contact a Raytheon sales office or representative for 
ordering information on special packageAemperature 
rarge combinations. 


Absolute Maximum Ratings 


Supply Voltage, +V og ...erccsccscsscsssnee +32V or +16V 
Differential Input Voltage ...................eseeeeee 32V 
DUT VONAGE scesescsictentacsacesasnutnsins -0.3V to +32V 


Output Short Circuit to Ground"? 
(One Amplifier) + V, < 15V and 


Wig STAD G vaseccnnsetenasnspicnisbexnaeaes Continuous 
Input Current (V4 -0.3V) Pl... sicsccinccoansasns 50 mA 
Operating Temperature Range 

LWATC® sisscsutcccctns ceientasvensiin -55°C to +125°C 

EI 2 ncccccsptenesassirensentinansmeis 0°C to +70°C 


See Notes on next page. 


Thermal Characteristics 


14-Lead 
Small Outline 
SOIC 


DA 
Therm. Res 6,, 
: * “JA 


14-Lead 
Plastic 


Max. Junction Temp 125°C 125°C lio G 
Max. P, T, <50°C 300 mW 468 mW 1042 mW 
ae aCe 


Therm. Res. @ 200°C/W 160°C/W 
For T, >50°C Derate at 5.0 mW/°C 6.25 mW/°C | 8.38 mW/°C 


LM124/324 


Mask Pattern 


6 9 4 3 


ae pape 
a eh. 
| } 

a 


sal ice 


J 
eg Satin Cnite 


9 10 


Die Size: 78 x 80 mils 
Min. Pad Dimensions: 4 x 4 mils 


14-Lead 
Ceramic 
DIP 


DIP 


120°C/W 
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Electrical Characteristics (+V, = +5.0V®) 


SS ee Pe 


rol | 
an er a ae see 
a ed 


Supply Curent eta 
ae ie oe a oT RSE 


+V, = 15V 100 V/mV 
(for large V,, swing) 
R, 22kQ,T, =+25°C 
R, =2kQ,T, =+25°C Vs 
1 i " 5 

Common Mode T, =+25°C 

Rejection Ratio 

Power Supply T, =+25°C 100 

Rejection Ratio 


Channel Separation ’ f = 1 kHz to 20 kHz 


T,=+25°C 
(input referred) 


Large Signal Voltage Gain 


Output Voltage Swing 


Output Current 


Source 


Ving = 1V, Vin. = OV, 
+V, = 15V, T, = +25°C 
Vin. = 1V, Vin, = OV, 
+V, = 15V, T, = +25°C 
Vin. = 1V, Vi, = OV, 
T, =+25°C, V, = 200 mV 


Notes: 

1. Short circuits from the output to +V, can cause excessive heating and eventual destruction. The maximum output current is 
approximately 40 mA independent of the magnitude of +V,. At values of supply voltage in excess of +V,, continuous short 
circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result from 
simultaneous shorts on all amplifiers. 

2. This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base 
junction of the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this 
diode action, there is also lateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output 
voltages of the op amps to go to the +V, voltage level (or to ground for a large overdrive) for the time duration that an input 
is driven negative. This is not destructive and normal output states will re-establish when the input voltage again returns to a 
value greater than -0.3V. 

3. These specifications apply for +V, = +5V and -55°C < T, < +125°C, unless otherwise stated. Specifications are limited to 
-25° Cc <T, < +85°C; the LM324 temperature specifications are limited to O°C < T, < +70°C. 

4.V,=1 “AV, R R, = 0Q with +V, from 5V to 30V; and over the full common mode range (OV to +V, -1.5V). 

5. The direction’ of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independ- 
ent of the state of the output so no loading change exists on the input lines. 

6. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The 
upper end of the common mode voltage range is +V, -1.5V, but either or both inputs can go to +32V without damage. 

7. Due to proximity of external components, ensure that coupling is not originating via stray capacitance between these 
external parts. This typically can be detected as this type of capacitive increases at higher frequencies. 


Raytheon 4-251 


Section 4 | LM124/324 


Electrical Characteristics (+V, = +5.0V®) 


ee 
Parameters Test Conditions sa ae Re | ont 


wee | dP @f ©] |p 
[a0 


Large Signal (For Large V,, Swing) 
Voltage Gain R, 22.0 kQ 


Output Current 


Source Vin, = +1.0V, V,, = OV, 
+V, = +15V 


Vin. = +1.0V, Viy, = OV, 
+V, = +15V 


Notes: 

1. Short circuits from the output to +V, can cause excessive heating and eventual destruction. The maximum output current is 
approximately 40 mA independent of the magnitude of +V,. At values of supply voltage in excess of +V,, continuous short 
circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result from 
simultaneous shorts on all amplifiers. 

2. This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base 
junction of the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this 
diode action, there is also lateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output 
voltages of the op amps to go to the +V, voltage level (or to ground for a large overdrive) for the time duration that an input 
is driven negative. This is not destructive and normal output states will re-establish when the input voltage again returns to a 
value greater than -0.3V. 

3. These specifications apply for +V, = +5V and -55°C < T, < +125°C, unless otherwise stated. The LM324 temperature 
specifications are limited to 0°C <T, <+70°C. 

4.V, = 1.4V, R, = 0Q with +V, from 5V to 30V; and over the full common mode range (OV to +V, -1.5V). 

5. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independ- 
ent of the state of the output so no loading change exists on the input lines. 

6. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The 
upper end of the common mode voltage range is +V, -1.5V, but either or both inputs can go to +32V without damage. 

7. Due to proximity of external components, ensure that coupling is not originating via stray capacitance between these 
external parts. This typically can be detected as this type of capacitive increases at higher frequencies. 
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Typical Performance Characteristics 


Voltage Follower Pulse Response (Smail Signal) Large Signal Frequency Response 


co [7] 
= =| 
= p= y 
= —} 
3 | 
: < = S 
: 1K 10K 100K 
t — Time (S$) f — Frequency (Hz) 
Output Characteristics Current Sourcing Output Characteristics Current Sinking 
== 
Fy 
ri 
= ed 
25 Ss 1 mall 
s> Ss FE 
so = a a 
23 s FH 
oOo o 
| S 7 0.1 me 
ab = FA 
HTT oH gf Poy at S 
WA fe 8 
iivimennig cool Loa 
0.001 0.01 01 1.0 10 100 0.001 1.0 10 100 
Io+ — Output Source Current (mA) lo — Output Sink Current (mA) 


Current Limiting 


lo+ — Output Current (mA) 


65-00408A 


0 
-55 -35 -15 +5 +25 +45 +65 +85 +105 +125 
Ta — Temperature (°C) 
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Typical Performance Characteristics (Continued) 


lp — Supply Current Drain (mA) 


Avo. — Voltage Gain (dB) 
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+Vin — Input Voltage [V) 


Input Voltage Range 


15 
| nee = 
10 A = 
Positive a 
z 
9 Py | 
LO 
: 0 5 10 15 
+Vs or -Vs — Power Supply Voltage (V) 
Supply Current 
S 
& 
s 
| 
S 
< <= 
8 
8 
+Vs — Supply Voltage (V) 
Open Loop Frequency Response 
0.1uF 7 s= 
Stee u 
VIN gyg/2L 2 
| 1 | 
—— +Vg = +30V and 
-55°C < Ta < +125°C ss 
+Vg = +10V to +15V and “ Es 
-55°C <= Ta = +125°C ls 
zs 


1 10 100 1K 10K 100K 1M 10M 
f — Frequency {Hz} 
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Input Current 


T, — Temperature (°C) 


Voltage Gain 


TTT NT 
EEREEAEE 


65-00400A 


+Vs — Supply Voltage (V) 


Voltage Follower Pulse Response 


Pt eon 

ee a 

_ Ft | Nt tf 
a 


a ied ree 


65-00403A 


oO 
— 
oO 
nN 
(=< 
8 
> 
So 


t — Time (uS) 
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Schematic Diagram 


#Vs 


(2,6,9,13) 


(-)O 
Output 
Inputs Vo 
14) 
(+) 
(3,5,10,12) 
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LM148/348 
Low Power 
Quad 741 
Operational 
Amplifier 


Features 

@ 741 op amp operating characteristics 

Mm Low supply current drain — 0.6 mA/amplifier 

l@ Class AB output stage — no crossover 
distortion 

@ Pin compatible with the LM124 

Low input offset voltage — 1.0 mV 

@ Low input offset current — 4.0 nA 

@ Low input bias current — 30 nA 

™@ Gain bandwidth product — LM148 (unity 
gain) 1.0 MHz 

M@ High degree of isolation between amplifiers 
— 120 dB 

™@ Overload protection for inputs and outputs 


Description 


The LM148 series is a true quad 741. It consists 
of four independent high-gain, internally com- 
pensated, low-power operational amplifiers 
which have been designed to provide functional 
characteristics identical to those of the familiar 
741 operational amplifier. In addition, the total 
supply current for all four amplifiers is compa- 
rable to the supply current of a single 741 type 
op amp. Other features include input offset 
currents and input bias currents which are much 
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less than those of a standard 741. Also, excel- 
lent isolation between amplifiers has been 
achieved by independently biasing each ampli- 
fier and using layout techniques which minimize 
thermal coupling. 


The LM148 can be used anywhere multiple 741 
or 1558 type amplifiers are being used and in 
applications where amplifier matching or high 
packing density is required. 


Connection Information 


14-Lead Dual In-Line Package 
(Top View) 


65-0418 


Pin Function Function 


Raytheon 


Output (A) 
-Input (A) 
+Input (A) 
+V 
+Input (B) 
-Input (B) 
Output (B) 


Output (C) 
-Input (C) 

+Input (C) 
Ve 

+Input (D) 
-Input (D) 

Output (D) 


LM148/348 


Ordering Information 


Operating 
Part Number Package Temperature 
Range 


LM348N 


| oN | 0°Cto+70°C 
LM148D -55°C to +125°C 
LM148D/883B -55°C to +125°C 
Notes: 


/883B suffix denotes Mil-Std-883, Level B processing 
N = 14-lead plastic DIP 

D = 14-lead ceramic DIP 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 


Absolute Maximum Ratings 


Supply Voltage 

ET Occ ccntagincssensecssanwineneecese acess +22V 

EG se cauttapacemtereccesacacternmenqueienen +18V 
Differential Input Voltage 

Be ce pce rcac oceeeenpaearevecneeeewenccareprerene 22V 

ES 4S westssiareclenemee enue 36V 
Input Voltage 

AG ioc ercarastsnmerevecstanennesesienxcearsanedesitnn +22V 

SRA Oh ccinadscivenpeenceraseapunewensatucenaetensigns +18V 
Output Short Circuit Duration” ........... Indefinite 
Storage Temperature 

PANG asisiscascscertixasasarcteasnens -65°C to +150°C 
Operating Temperature Range 

LINAS veascesccerratueseortsienees -55°C to +125°C 

SAG jp ssnceseeseGinrfigeeenesys: 0°C to +70°C 
Lead Soldering Temperature 

(60 SOC) ssiressuoivececvassissnsanccssnneseneesasn +300°C 


*For supply voltages less than +15V, the absolute 
maximum input voltage is equal to the supply voltage. 
Short circuit to ground on one amplifier only. 


Operational Amplifiers 


Mask Pattern 


13 12 11 10 


Die Size: 84 x 67 mils 
Min. Pad Dimensions: 4 x 4 mils 


Thermal Characteristics 


Max. P,, T, <50°C 
Therm. Res 6,, 


ForT, >50°C 
Derate at 


6.25 mW 
per °C 


65-03697A 


8.38 mW 


per “C 
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Electrical Characteristics (V, = +15V and over the absolute maximum operating temperature 
range (T, < T, $T,,) unless otherwise specified) 


| oa 
= 


2 O;}° ro ik 


=) 
Ep 


— 
> 


= 
> 


>) 
© 


T, = +25°C, V, = +15V 
Vout = H10V, R, > 2 kQ 


on 
= 
2) 


= 
3 
< 


OU 


a. 
ee) 


f = 1 Hz to 20 kHz 
I, A 
I, 


= 
ms 
N 


Input Offset Voltage 
Input Offset Current ee 
Input Bias Current a 


Large Signal Voltage Gain | V,=+15V, V,,, =+10V, 
R, >2 kQ 


Output Voltage Swing V, =+15V, R, = 10 kQ 


R, < 10 kO 


I+ 
_ 
w 
ol 
I+ 
aa 
ae) 
I+ 
call 
w 


I+ | I+ 
soe 
Mm} oO 
I+ 
i 
ae) 


N N 
al al 


> “I 
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Typical Performance Characteristics 


Supply Current vs. Supply Voltage 


_ = 
< = 
= — 
= : 
- o 
a. - 
2 2 
. = 
Supply Voltage (+V) 
Voltage Swing vs. Supply Voltage 
= = 
2 2 
= FA 
peed J 
S Ss 
3 
r E 
= 
PO S 
2 2 
a. 


0 5 10 15 20 25 
Supply Voltage (+V) 


Negative Current Limit 


Negative Output Voltage Swing (V) 
Output Impedance (1) 


65-01145A 


Output Sink Current (mA) 


Raytheon 


Operational Amplifiers 


Input Bias Current vs. Temperature 


65-01142A 


-55 -35 -15 +5 +25 +45 +65 +85 +105 +125 
Temperature (°C) 


Positive Current Limit 


> 65-01 144A 


_ Source Current (mA) 


Output Impedance vs. Frequency 


Vs = +15V 
Ta= +25° G | Sa Re NS a 


mani ES 11 aa Hees a aS mi 


ane ae 


1K 10K 100K 1M 
Frequency (Hz) 
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Section 4 LM148/348 
Typical Performance Characteristics (Continued) 


Common Mode Rejection Ratio 
vs. Frequency Open Loop Frequency Response 


je a a ef 
oo SPs 285 
PINE | tT tT tT TT’ = 
TNE 

{ts Seems} tf tt 


Gain (dB) 
on 
So 


Common-Mode Rejection Ratio (dB) 


65-01148A 


0 
0 7 ey ee a a CD 
10 100 1K 10K 100K 1M 10M 10 100 1K 10K 100K 1M 
Frequency (Hz) Frequency (MHz} 
Phase Margin vs. Frequency Test Circuit 


20 
15 


10 


Soe 
PSNI 1s = S000 
PSS 


80 10K 


100 
: Vo 


Gain (dB) 


-15 
-20 
-29 
-30 
-35 


Phase (Degrees) 


HSE 
Pt ETT NCTE NUT 
ee ee Nl 
Loi tii | NUTS “10 | 
1.0 10 c 
Frequency (MHz) 65-01149A . 


- rw if 


Small Signal Pulse Response 


Millvolts (mV) 
Volts (V) 


0 40 80 120 160 200 
Time (S) Time (uS) 
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Typical Performance Characteristics (Continued) 


Undistorted Output Voltage Swing (V) 


Slew Rate (V/,,S) 


Volts (V) 


Undistorted Output Voltage Swing 
vs. Frequency 


28 i Vs = 
|| | = +950 C 


Fh |e 
TTT TTD Tf = 2 
MTN 
HEE TMT PNT 
HA | MY 
WEEE ETT ETN 
EET FMT FUT TIN 


100 10K 
Frequency (Hz) 


32 


Slew Rate vs. Temperature 


65-01154A 


+25 +45 +65 +85 +105 +125 


Temperature (°C) 


inverting Large Signal Pulse Response 


0 20 40 60 80 100 120 140 160 180 00 
Time {uS) 


Gain Bandwidth (MHz) 


Negative Common Mode Input 
Voltage Limit (V) 


Gain Bandwidth vs. Temperature 


-55 -35 -15 +6 
Temperature (°C) 


Negative Common Mode 
Input Voltage Limit 


65-01155A 


| 
on 

! 
— 
So 
a) 
oS 


Negative Supply Voltage (V) 


input Noise Voltage and Noise Current 


Mean Noise Voltage (nV/\/Hz) 


160 1.6 


La vs 2150 UAE TUT 


140 A ds 
oes TUT TIM & 
woo} tC 0 = 
‘ AT 08 
BN HH | Mean Noise Voltage fill S 
60 me 21 am a a 
40 T || Mean Noise Current! [III] 9 4 S 
ot 2 = 
isl JIM ELT TT 
10 10K 


Paces (Hz) 


65-01157A 
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Typical Performance Characteristics (Continued) 


Positive Common Mode Input Voltage Limit 
20 


Positive Common Mode Input 
Voltage Limit (V) 


65-01158A 


Positive Supply Volts (V) 


Typical Simulation 


+Vs 
C) 


V V 
Vee OG: 


m 
5.9 02 1150.8u¢ 


65-01164A 


Bot = 112 
Cc a Bo2 = 144 
2.41pF | 9.87M 20.226uA Is = 8 x 10-16 


@ 
-Vs 


Figure 1. LM148 Macromodel for Computer Simulation 


4-262 Raytheon 


LM148/348 


Typical Applications 


The 148 series are low power quad operational 
amplifiers that exhibit performance comparable 
to the popular 741. Substitution can therefore be 
made with no change in circuit behavior. 


The input characteristics of these devices allow 
differential voltages which exceed the supplies. 
Output phase will be correct as long as one of the 
inputs are within the operating common mode 
range. If both exceed the negative limit, the output 
will latch positive. Current limiting resistors 
should be used on the inputs in case voltages 
become excessive. 


When capacitive loading becomes much greater 
than 100pF, a resistor should be placed between 


Typical Applications 


Operational Amplifiers 


the output and feedback connection in order to 
reduce phase shift. 


The 148 series is short circuit protected to either 
ground or the supplies continuously when only 
one of the four amplifiers are shorted. If multiple 
shorts occur simultaneously, the unit can be 
destroyed due to excessive power dissipation. 


To assure stability and to minimize pickup, feed- 
back resistors should be placed close to the input 
to maximize the feedback pole frequency (a 
function of input to ground capacitance). A good 
rule of thumb is that the feedback pole frequency 
should be 6 times the operating -3.0dB frequency. 
If less, alead capacitor should be placed between 
the output and input. 


VK, K = 


+— +— 
ros_~=—«#R4 


R4R5 ( 1 1 


{ 
” OnRICI * R3 


fmax = 9.0kHz, THD < 0.03% 


R1 = 100K pot., C1 = 0.0047uF, C2 = 0.01uF, C3 = O.1uF, R2 = R6 = R7 = 1M, R3 = 5.1K, R4 = 120. 

R5 = 2402, Q1 = NS5102, D1 = 1N914, D2 = 3.6V avalanche diode (ex. LM103), Vs = +15V 

A simpler version with some distortion degradation at high frequencies can be made by using A1 
as a simple inverting amplifier, and by putting back to back zeners in the feedback loop of A3. 


Figure 2. One Decade Low Distortion Sinewave Generator 
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Typical Applications (Continued) 


-VIN 


1/4 LM148 


+Vin , 65-01140A 


2R 
Vout = 2 (+1), -Vs - 3V < Vincm < +Vs - 3V, 


Vs = +15V 
R = R2, trim R2 to boost CMRR 


Figure 3. Low Cost Instrumentation Amplifier 


Adjust R for minimum drift 
D3 low leakage diode 
D1 added to improve speed 
Vs = +15V 


65-01159A 


Figure 4. Low Voltage Peak Detector With Bias Current Compensation 
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Typical Applications (Continued) 


1/4 LM148 
ok 


R5 
100K 


C1 
0.001 uF 


C2 
0.001 uF 


Tune Q through RO, 


Vip 
For predictable results: fo Q< 4x 104 
Use Band Pass output to tune for Q 
V N 
Sh = as) Dis = CO's. 
VIN(s) Dis) 
“Su Hopp 
Nup(s) = S2 Houp. Naps) — Nip = wo2 Hop 
7 VBR 
1 | Re 1 1+R4)R3+R4)RO\ (RE ty \1/2 aL . 
fo=— | — /— : t= RC), Q=| ——————————_ ] | — 
or R5 t1t2 1+ R6|R5 R5 t2 
— 65-01160A 

1 Ry \1/2 . 1+ R6|R5 i 1+ R4)R3 + R4\RO 

MOT 3 \Ritito OHP T+ RBIROFR3IRG 4 + R3/RO + R3IR4 

1+ R5|R6 

Hove = ———_——— 

OLP "1 + R3/R0-+ R3/R4 

Figure 5. Universal State-Space Filter 
100K 
0.001 uF 
Vin 150K 1/4 LM148 
C) 
4.556K 
39.4K 


65-01161A 


Use general equations, and tune each section separately 
Qist Section = 0.541, Qand Section = 1.306 
The response should have 0dB peaking 


Figure 6. 1 kHz 4-Pole Butterworth Filter 
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Typical Applications (Continued) 


R8 
- a R2 
1/4 LM148 
* ® 1/4 LM148 
+ 


‘RB R1C1 1 R8 1 1 R6 
0 ae ae a heen” AN Se 
R7 ~~ \/R3C2R2C1 2rv RZ  \/R2R3C1C2 27 R3R5R7C1C2 


Necessary condition for notch: ea = ce 


R6  R4R7 


Ex: fnoTcH = 3kHz, Q = 5, R1 = 270K, R2 = R3 =20K, R4 = 27K, R5 = 20K, R6 = R8 = 10K, R7 = 100K. 
C1 = C2 = 0.001uF 


Better noise performance than the state-space approach 


65-01162A 


VIN(s) 
j) 


Figure 7. 3 Amplifier Bi-Quad Notch Filter 


Lowpass Response 


R5 


100K 
7 C1 
1/4 LM148 7 
+ V4 
+ 


C2 
VIN 
O M148 cap 
R3 - 
RO 
C'2 


Gain (dB) 


Frequency (Hz) 


R'5 R101 = R2C2=t 
R’'1C'1 = R'2C'2 = t’ 
R' 
100K 
V 
R'0 R’, : 


65-01163B 


fc = tkHz, fs = 2kHz, fp = 0.543, fz = 2.14, Q = 0.841, f’p = 0.987, f'z =4.92, = 
Q’ = 4.403, normalized to ripple BW 


1 /R6 1 1 H 1 1 + R4|R3 + R4|RO 6 ‘6 1+ R’4|R'0 
fp=— /—x-: '2=—. /— x -.Q = —————_ x ]—_ 0 = |—/-@ ——————___ 
2rV RS t ar RL t 1+ R6\R5 R5 R'5 1+ R’6|R’'5 + R’6|Rp 


Ry + Ry 
Use the BP outputs to tune Q, Q’, tune the 2 sections separately 
R1 = R2 = 92.6K, R3 = R4 = R5 = 100K, R6 = 10K, RO = 107.8K, Ry = 100K, Ry =155.1K, 
R'1 = R’2 = 50.9K, R’4 = R’5 = 100K, R’6 = 10K, R’0 = 5.78K, R’, = 100K, R’y = 248.12K, R's = 100K. 
All capacitors are 0.001uF 


Figure 8. 4th Order 1 kHz Elliptic Filter (4 Poles, 4 Zeros) 
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Schematic Diagram (1/4 Shown) 


(2,6,9,13) 


Inputs 


5 Output 
(1,7,8,14) 


Oo -Vs 


65-01136B (11) 
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LM2900/3900 
Current Mode 
Single Supply 
Quad 
Operational 
Amplifier 


Features 

Wide single supply voltage range — 4.0V 
to 36V 

lm Supply current drain independent of supply 
voltage 

@ Low input biasing current — 30 nA 

High open-loop gain — 70 dB 

lH Wide bandwidth — 2.5 MHz (unity gain) 

H@ Larger gain-bandwidth product in non- 
inverting mode (A, = 100 at f = 1.0 MHz) 

lM Large output voltage swing (V, -1.0) V,, 

@ Internally frequency compensated for unity 
gain 

@ Output short-circuit protection 


LM2900/3900 


achieve the non-inverting input function. Appli- 
cation areas include: AC amplifiers, RC active 
filters, low frequency triangle, squarewave and 
pulse waveform generation circuits, tachome- 
ters and low speed, high voltage digital logic 
gates. 


Connection Information 


14-Lead Dual In-Line Package 
(Top View) 


65-1260 


Description Pin 


The LM2900 and LM3900 consist of four 
independent, dual input, internally compen- 
sated amplifiers designed specifically to oper- 
ate off a single power supply voltage and to 
provide a large output voltage swing. These 
amplifiers make use of a current mirror to 
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Function 
+Input (A) 
+Input (B) 
-Input (B) 

Output (B) 
Output (A) 
-Input (A) 

Ground 


Function 
-Input (C) 
Output (C) 
Output (D) 
-Input (D) 
+Input (D) 
+Input (C) 
+V, 


LM2900/3900 


Ordering Information 
Operating 
Temperature 


Part Number Package 
| Range 


LM3900N PON 0°C to +70°C 
LM2900N oN -25°C to +85°C 


Notes: 

N = 14-lead plastic DIP 

Contact a Raytheon sales office or representative for 
ordering information on special packageAemperature 
range combinations. 


Absolute Maximum Ratings 


Supply Voltage 
OG acct rexccsessecsctnerssatsxeoreeestumaneents +36V 
LS OO caricccenateeretoienceeavontcenipa cess +32V 
BUDD VONAOG seccdcctacescrrctesvrceeenctawemnivecers +18V 
POP GUTOR, Ty OF Us. axcersscanssracascrscrsnsioe 20 mA 
Output Short Circuit Duration........... Continuous 


One Amplifier, T, = +25°C 
Storage Temperature 


PRS ssephacnusiadondaassierasesisccens -65°C to +150°C 
Operating Temperature Range 

I OG sets ete enieyctciceteasurens -25°C to +85°C 

LIMS900 sesiistesecssatsancasnevexsosecoas' 0°C to +70°C 
Lead Soldering Temperature 

OOO SOO ie catadecaetanescicescunienescaedeusaeect +300°C 


Operational Amplifiers 


Mask Pattern 


11109 8 


65-00808A 


Die Size: 56 x 70 mils 
Min. Pad Dimensions: 4 x 4 mils 


Thermal Characteristics 


14-Lead Plastic 
DIP 


Therm. Res. @,, fo | 
Therm. Res. 8,, 
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Electrical Characteristics (Vs = +15V and T, = +25°C unless otherwise noted) 


LM2900/3900 
Parameter Test Conditions 


Typ 


Large Signal Voltage Gain f = 100Hz 1200 2800 


Input Resistance . 
(Differential Mode) Inverting Input 
eee ee 


Unity Gain Bandwidth! Inverting Input 
Input Bias Current Inverting Input 


Positive Output Swing 
Slew Rate 

Negative Output Swing 
Supply Current R, = ~ On All Amplifiers 


Output Voltage Swing Ry = 2k 
Vout High lin- = 0, lin+ = 0 13.9 14.2 


lin- = 10uA, ling = 0 
Output Current 
Power Supply Rejection Ratio f = 100Hz 
Pwinrorturen@ | 


Notes: 1. When used as a “non-inverting amplifier’, the gain-bandwidth product is not limited to 2.5MHz. The isolation 
provided by the “current mirror’ allows a constant unity voltage gain feedback for the main inverting amplifier. 
This means that large values of gain can be achieved at high frequencies and the dominant limit is due to the 
slew rate of the amplifier. For example: a voltage gain of 100 is easily obtained at 1MHz and an output voltage 
swing of 160mV,., can be achieved prior to slew rate limiting. This operational mode is useful for signal fre- 
quencies in the 50kHz to 1MHz range as would be encountered in IF or carrier frequency applications. 

2. The output current sink capability can be increased for large signal conditions by overdriving the inverting 
input. 

3. This spec indicates the current gain of the current mirror which is used as the non-inverting input. 

4. Input Vgg match between the non-inverting and the inverting inputs occurs for a mirror-current (non-inverting 
input current) of approximately 10uA. This is therefore a typical design center for many of the application 
Circuits. 

5. Clamp transistors are included on the IC to prevent the input voltages from swinging below ground more than 
approximately -0.3V. The negative input currents which may result from large signal overdrive with capacitance 
input coupling need to be externally limited to values of approximately 1.0mA. Negative input currents in excess 
of 4.0mA will cause the output voltage to drop to a low voltage. This maximum current applies to any one of the 
input terminals. If more than one of the input terminals are simultaneously driven, negative smaller maximum 
currents are allowed. Common mode current biasing can be used to prevent negative input voltages; for 
example, see the “Differentiator Circuit” in the applications section. 


E 
> 


ion) 


NO 
co) 


o> CO}lw]& _ 
pe) on} ©] om 

= 

| 

> 


co 
fan) 
ine) 


1.0 11 


on 
S 


— | ot “Jp = | 
So ©} w 


4-270 Raytheon 


LM2900/3900 Operational Amplifiers 


Typical Performance Characteristics 


Open Loop Gain Voltage Gain vs. Supply Voltage 
100 
80 
= oy 
— => 60 
Ss = 
= ia] 
S 2 40 
= = 
=> 
4 20 g 
2 
= 0 8 
7 0 5 10 15 20 25 30 
Frequency (Hz) Supply Voltage (V} 
Voltage Gain vs. Temperature input Current vs. Temperature 
100 
80 
ze = 
= = 60 
z z 40 
> = 
< 20 $ 
: 3 
8 0 8 
-55 -25 +5 +35 +65 +95 +125 -55 -25 +5 +35 +65 +95 +125 
Temperature (°C) Temperature (°C) 
Supply Current Large Signal Frequency Response 
: ; | | | ft 
8.0 14 
z E | oar ae 
= 60 = 12 
— = 
3S = 
B 40 = 80 
3 oo Ta = +85°C 3 os 
ad — Ta = +125°C ° | : 
8 E 
0 3 0 3 
0 5 10 15 20 25 30 100 1K 10K 100K 1M 10M 
Supply Voltage (V) Frequency (Hz) 
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Typical Performance Characteristics (Continued) 


Output Sink Current vs. Supply Voltage Output Class A Bias Current 


phe 


= = 
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S 30 5 
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wz 20 = 
p) ete 
S 10 = 
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0 8 8 
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Output Source Current Mirror Gain vs. Temperature 
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LM2900/3900 Operational Amplifiers 


Typical Performance Characteristics (Continued) 


Maximum Mirror Current 


Input Current (mA} 


O 65-00820A 


Temperature (°C) 


3900 Typical Applications (Vv, = +15v) 


Voitage-Controlled Current Source 
(Transconductance Amplifier) = +Vs Triangle/Square Generator 


| 
lo = 1.0mMA/Volt Vin 


= 65-00821A 


65-00822A 


Vee Biasing 


+ 


65-00824A 


+Vs 65-00823A Ay = TR2 


evr near 4-273 
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3900 Typical Applications (Continued) 


Free-Running Staircase Generator/Pulse Counter 


0.1uF 7 
1/4 te Vout 


Difference 
Integrator 


O+Vs 
1.5M 1M 
100pF 1M 
+Vs 2M pe 
° + 
-_ 1/4 ~ 
One Shot with 3900 m re D+Vs 65-00825A 
Input Comparator 
Supplying |), With Auxiliary Amplifier 
(to Allow High Z Feedback Networks) Bandpass Active Filter 


fo = 1kHz 
0=25 


65-00826A +Vs 
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3900 Typical Applications (Continued) 


Ground Referencing a Differential Input Signal Non-Inverting Amplifier 


eC 


+Vom : 65-00828A 


65-00829A 


Split Supply (+Vs = +15V and -Vs = -15V) 


+15.00V* 


-ViN 


*Complementary 
Tracking 


65-00830A 


Adj 
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Schematic Diagram 


Output 
~ (5,4,9,10) 


Current = = = = = 
Mirror 
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SECTION 5 


CoMPARATORS 


DEFINITIONS 


Average Input Offset Voltage Drift (TCyos) 

The ratio of change in input offset voltage to 
a change in ambient temperature, expressed in 
microvolts per degree C (uV/°C). 


Vos @ T(1) - Vos @ T,2) 


~~ Tay Te) 


Where T(1) and T(2) are the upper and lower 
limits of the specified temperature range. 


Common Mode Rejection Ratio (CMRR) 
The ratio of change of input common mode 
voltage (both inputs swing together over a 
specified voltage range) to a change in input 
offset voltage, expressed in decibels (dB). 


Vint) — Vin(2) ) 
OMAR =POLOGia. be 
” (as, @ Vini1) - Vos @ Vin(2) 


Where Vinc1) and Vinc2) are the upper and lower 
limits of the input common mode voltage range. 


Input Bias Current (Ig) 

The average of the two input currents with the 
output voltage at the center of its swing with 
no load, expressed in nanoamps (nA). 


Input Offset Current (los) 

The difference between the two input currents 
with the output voltage at the center of its swing 
with no load, expressed in nanoamps (nA). 


Input Offset Voltage (Vos) 

The voltage that must be applied between the 
two inputs to obtain an output voltage in the 
center of the output swing range, expressed 
in millivolts or microvolts (mV or pV). 


Input Voltage Range 

The range of voltages at the inputs over which the 
comparator operates within its common mode 
rejection ratio specification, expressed in volts (V). 


Large Signal Voltage Gain (Ay) 

The ratio of a specified output voltage change 
to the change in input offset voltage required 
to effect the change under open loop conditions, 
expressed in volts per millivolt (V/mV). 


Voi) = Yor) 


A = 
: Vosi1) - Vos(2) 


Where Voi1) and Vqi2) are the specified upper 
and lower voltage limits for the change at the 
output. 


Output Leakage Current 

For open collector output types; the collector 
to emitter leakage current of the output transistor 
with the output in an off condition and a specified 
voltage applied, expressed in microamps (yA). 
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DEFINITIONS (Continued) 


Output Sink Current 

The current flowing into the output for a specified 
set of input and output conditions, measured in 
milliamps (mA). 


Output Source Current 

The current flowing out of the output for a 
specified set of input and output conditions, 
measured in milliamps (mA). 


Output Voltage Swing 
The peak output change, referred to ground, 
that can be obtained for a specified load resistance, 
expressed in volts (V). 


Power Consumption 

The DC power required to operate the comparator 
with the output at the center of its swing and zero 
load current, expressed in milliwatts (mW). 


Power Supply Rejection Ratio (PSRR) 
The ratio of change of supply voltage to a change 
in input offset voltage, expressed in decibels (dB). 


Vs(1) - Vs(2) ) 
PSRR = 20LOG ed) eS 
0 (Fs: @ Vsi1) - Vos @ Vsi2) 


Where Vsii9 and Vsi2) are the upper and lower 
limits of the specified change of supply voltage. 


Propagation Delay 

The time delay between a step input to a resulting 
change at the output, from the 50% point of 
the input step to the 50% point of the output 
swing, measured in nanoseconds (nS). 


Saturation Voltage (Vsat) 

Voltage at the output when sinking a specified 
amount of current into the output, expressed 
in volts (V). 


Supply Current (Is) 

The current required from the power supply to 
operate the comparator under quiescent no load 
conditions, expressed in milliamps (mA). 


Supply Voltage (Vs) 
The range of power supply voltages over which 
the comparator will operate, expressed in volts (V). 
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RC4805 Connection Information 
Precision High e-Lead 


TO-99 Metal Can 


Speed Latching ss 
Comparator 


Features 

M 22 nS propagation delay 

@ Low offset voltage — 100 pA 
@ Low offset current — 15 nA 


@ TTL compatible latch 65-0505 
@ TTL output 

inti 8-Lead 
Description Dual In-Line Package 
The RC4805 is an ideal comparator for high speed, (Top View) 


high precision applications. The input errors are 
factory trimmed to less than 1/10 LSB of a 12-bit, 
10V system. The latch function allows the system 
designer additional flexibility. When the latch input is 
a TTL low, the comparator functions normally. When 
the input is raised to a TTL high, the comparator 
output is latched in its current state. 


The RC4805 is ideal for ultra precise, very fast 
system designs. Typical applications include 
successive approximation A/D converters of 12 or 
more bits, zero crossing detectors, high speed 
sampling, or window detectors. 


65-00506A 


Function 


The RC4805 high speed comparator is functionally 
equivalent to the popular comparators HA-4950, 
AM686, SE527, CMP-05 and A760. Propagation 
delay is 35 nS with a 1/2 LSB overdrive in a 12-bit, 
10V system. 


Latch Enable 
V 
+V. 


OUT 


ONonh WD — 


The RC4805 specifications and design have been 
upgraded since the last printing of this data sheet. 
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Absolute Maximum Ratings 


Supply Voltage .............ccccceeseeseseeeees +5.5V/-16.5V 
Differential Input Voltage ...............ccccccceseseeeeeees 3V 
Internal Power Dissipation’ ow... 500 mW 
PUL VONAQG sicassensxcscnctaniosenvanerstanuanavineencienonrs +4V 
Storage Temperature 

PIANOS ge eceroscy-grtesessatiatevesersic -65°C to +150°C 
Operating Temperature Range 

PUNO OS cavincaueonacrscbetvonnansenadaien -55°C to +125°C 

CFOS saviniinsinaninsaviansiorinaiaxvenoeeenve 0°C to +70°C 
Lead Soldering Temperature 

(BOS OG) aercasndcectnteneneeeenviedertsneaan +300°C 


“See table of Thermal Characteristics for maximum ambient 
temperature derating factor. 


Ordering Information 


Operating 
Part Number Package Temperature 
Range 


| RC4805EN 0°C to +70°C 
| RC4805N O°Cto+70°C si 


| RM4805D D -55°C to +125°C 
RM4805D/883B D -55°C to +125°C 
RM4805AD D -55°C to +125°C 
RM4805AD/883B D -55°C to +125°C 
RM4805T T -55°C to +125°C 
RM4805T/883B T -55°C to +125°C 
RM4805AT T -55°C to +125°C 
RM4805AT/883B F -55°C to +125°C 


Notes: 


/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

D = 8 lead ceramic DIP 

T = 8-lead metal can (TO-99) 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 


RC4805 


Thermal Characteristics 


8- Lead 
Ceramic 
DIP 


8- Lead 8- Lead 
TO-99 Plastic 
Metal Can DIP 


5.26mW 
at per ‘C 


Mask Pattern 


65-02697A 


Die Size: 51 x 67 mils 
Min. Pad Dimensions: 4 x 4 mils 


5-4 Raytheon 


RC4805 Comparators 


Electrical Characteristics (V, = +5v, T, = +25°C, Latch Enable = OV unless otherwise noted) 


RC4805E/ 
RM4805A 
Parameters Test Conditions Min Typ Max 
Input Offset Current 
2.4 


Min Typ Max | Units 
250 6 
2 


=" 
O1 | © 
o;oO 


ro) 
To) 
oo 
sis =) 3/3 /3 = sit 
BIS [<|< [81% [3% s/S/5 <| </</3/5|5/< 


Input Offset Voltage R, < 50Q 
Output Voltage Swing Viy > 10 mV, |, = 200 pA 


2 
Vy <-10 mv, 


Isink =8mA 


10 80 
0.7 1.2 
2.7 
Input Voltage Range as +2.2 +2.7 +2.0 +2.7 
11 16 
12 16 
16 


Ratio Input Voltage Range 


Power Supply Rejection | R, < 50Q, +V, = +5V, 


Ratio -5.25V <-V, < -4.75V 


and -V, = -5V, 


2.4 
Common Mode Rejection | R, < 50Q, V,,, = Min 84 
84 

+4.75V < +V, < +5.25V 
84 


R, < 50Q 
+V, = +9V, 


5V <-V, <-15V 


= 
1o°) 


13 
13 
3 


sal 
oe) 


5 
fs 

o-”¥: 
Supply Current (Negative) 
o-7-™ 1 0 


Power Consumption V, < 0.4V 
Propagation Delay* 100 mV Step, V,, = 5 mV 


100 mV Step, V,, = 1.2 mV 


Latch 
Enable Time =5mvV 


Vo 
VE 


16 


Latch 
High Voltage 


. a 
oe Ud) 


V,, = 0.8V 


*Minimize lead lengths by soldering directly to PC board. The use of sockets may cause oscillations from stray capacitive 
coupling. 


Low Voltage 


Latch 
High Current 


Low Current 


NJ as 


Section 5 RC4805 


Electrical Characteristics 
(V, = 45V, RM=-55°C < TA< +125°C; RC = 0°C < T, < +70°C, Latch Enable = OV unless otherwise 
noted) 


Input Offset Voltage R. < 502 0.25 0.80 0.50 15 


Average Input Offset (Note 1) 
Voltage Dr 
Input Offset Curent | 


Large Signal Voltage Gain 

Output Voltage Swing Viy > 10 mV, |, = 200 pA 
Viy < 710 mV, 
lenny = 6.4 MA 


SINK 


Common Mode Rejection | R, < 50Q, V,,, = +2V 
Ratio Input Voltage Range 


Power Supply Rejection | R, < 50Q, +V, = +5V, 
Ratio -5.25V < -V, < -4.75V 
and -V, = -5V, 
+4.75V < +V, < +5.25V 


Supply Current (Positive) | V,<0.4V 13 18 
Supply Current (Negative) 15 20 
Power Consumption V, <0.4V 140 190 


Propagation Delay’ 100 mV Step, V,, = 5 mV 
100 mV Step, V,, = 1.2 mV 


Notes: 
1. Guaranteed but not tested. 
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Comparators 


Typical Performance Characteristics 


5mV/Per Division 


4805 Response Time Rising Edge 


4805 Response Time Falling Edge 


Vout (Volts) Input Vout (Volts) 


5mV/Per Division 


5nS/Per Division 
65-00543A 


65-00542A 


Response Photography Test Setup 


Internal to 
504 Generator 


FET Probe 


100:1 
Divider i yFel Probe 


65-00541A 


Response to 50MHz Sine Wave 


65-00545A 
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RC4805 


Typical Performance Characteristics (Continued) 
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Supply Current (mA) 


Gain (dB) 


Supply Current vs. Temperature 


Temperature (°C} 


Gain vs. Frequency 


90 | 


- | 

Pvsesulllll TTT TTI 
CT oo 
TT Pa FTN 
PLT PP 
ot EET 
i a 


100K 10M 100M 
Frequency (Hz) 


01174A 


65- 


Input Bias Current (nA) 


Propagation Delay (nS) 


Input Bias Current vs. Temperature 
1200 


— 
oS 
Oo 
oO 


co 
So 
Oo 


-55 +25 
Temperature (°C) 


Propagation Delay vs. Temperature 


wv | | | | 


“en ae 


Temperature (°C) 


RC4805 


Comparators 


Applications Information 


Optimal performance of the 4805 in high speed 
applications circuits requires that careful layout 
and circuit design techniques are used. The use 
of good power supply bypass capacitors, mini- 
mum lead lengths, and a good ground plane are 
essential. 


Bypass Capacitors 


Tantalum electrolytics connected close to the 
power supply leads are usually sufficient; some- 
times a smaller ceramic capacitor in parallel with 
the tantalum may improve high frequency re- 
sponse even further. Typical values would be 
10uF in parallel with 0.01 F. 


Minimize Lead Lengths 


Short input leads are essential to eliminate stray 
capacitance that might otherwise induce oscilla- 
tions. Avoid the use of sockets; solder the IC 
directly to the PC board. When laying out a PC 
board, position the signal source as close to the 
comparator inputs as is physically possible. 
Avoid stray capacitance from the inputs to 
ground, and route the output away from the 
inputs. Best response times will occur when the 
source impedance driving the inputs is kept low 
(<1kQ). Avoid driving heavy capacitive loads 
with the output (example: coaxial cable, which 
has a parasitic capacitance of 50pF per foot). 


Ground Plane 


A ground plane reduces the parasitic inductance 
of PC traces. Current flow through the PC trace 
is mirrored by a return current flow that passes 
through the ground plane adjacent to the PC 
trace. This sets up a magnetic field that cancels 
the magnetic field in the PC trace, thus reducing 
parasitic inductance. 


Use the component side of the board for the 
ground plane. Cover that side as completely as 
is practical, especially under traces carrying 
high frequency signals. Mount HF components 
close to the board. 


Latch Enable 


The effective gain at low levels of input overdrive 
can be increased by applying a carefully timed 
positive going step to the latch enable input. 
This technique is especially useful in successive 
approximation A/D converters, where the exact 
time of comparison is well definec. After the 
SAR changes the DAC output, a delayed pulse 
applied to pin 6 will increase the effective gain 
from about 5V/mV to 20V/mV, and therefore 
speeds up the response time for low levels input 
signals. In a 12-bit +10V A/D system, the propa- 
gation delay for 1 LSB will decrease about 30%. 
Figure 1 shows the waveforms for this tech- 
nique, and Figure 2 shows a one-shot time delay 
circuit using a TTL IC that can be used to create 
the pulse. 


“9” 

“gh 

| es ) ee Latch (Pin 6) 
= Comparator 

Input 


Tp (SAR) 


65-02630A 


Tp (One-Shot) 


Figure 1. Gain Boost Waveforms 


+Vs 


Delay Time 
Adjust 


1000pF 


To Latch 
(Pin 6) 


Pulse Width 
Adjust 
100K 


i 65-02631A 


Figure 2. Delayed Pulse Circuit 
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Typical Applications 


Conversion Time 
8-Bit 10-Bit 12-Bit 


RM4805 Response 20nS 22nS 50nS 

DAC Settling? 135nS_ 135nS —_500nS- 

7 SARDelay  —t™S 50nS 50nS_ ——-50nS- 
| = 4/2 LSB Total-Cycle 205nS_ = 207nS_~—- 600nS 
Number Cycles + Reset x9 x11 x13 


Sample Total Conversion Time 1.8uS 2.3uS 7.8uS 


and 
Hold 
Amplifier 


VIN 


RM4805 


Digital 
Out 


DAC-08 
—  DAC-6012 
lo 


DAC-10 
DAC-565 


65-00540A 


*Response will be affected by DAC’s output 
Capacitance and equivalent resistance. 


Figure 3. Successive Approximation 8, 10, or 12-bit Resolution 


RC4805 Comparators 


Typical Applications (Continued) 


2K 


VIN 0.1% 


Open Collector 
(S=—4 


a | 65-01177A 


*Delay should equal the settling time specification minus 30nS minus appropriate guard band 


Figure 4. Op Amp Settling Time Tester 


The settling time tester uses the precision 

latching window comparator to automate op 
Latch 1 amp settling time testing. If the DUT is not 
Vin settled by the end of the time delay, the A output 
is latched low. 


0 +5V 


Vn Wx> Wi" | A | BIC | 
Mn> Vx | tf Of | 
Vx>Vn> Wy [0 | 110 | 
vy>vin [0] 041 | 


*Both latches low 
Latch 2 


65-01176A 


Figure 5. Precision Latching Window Comparator (Detail) 
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Fast Latching ECL to TTL Line 
Translator, Up to 50MHz 


The high speed differential input and the latched 
TTL output makes the RC4805 ideally suited for 
use as an ECL to TTL translator. Existing logic 
supplies of -5.2V and +5.0V are compatible with 
the RC4805 power supply requirements. With a 
TTL compatible latch input the RC4805 can be 
latched from the TTL subsystem or from the 
ECL subsystem, by using another RC4805 on 
the latch signal. 


In ECL systems the termination resistors and 
pull-down resistors can be combined in a net- 
work as shown in Figure 6, a typical ECL to TTL 
translator. The configuration shown in Figure 8 
has a common mode range of +2.0V. But either 
input can swing as low as -5.0V below the input, 
providing one input stays in the +2.0V common 
mode range. By using a-15V supply on the 
RC4805 the common mode range is extended to 
-8.0V, +2.0V as shown in Figure 7. The only 
caution is that the differential mode voltage 
must not exceed +5.0V. 


Not all ECL families have the same logic levels, 
the same logic level Vs supply voltage, or the 


Typical Examples 


-5.2V (-Vs) 


RC4805 


same temperature characteristics. By using the 
same logic type as a reference, a single-end 
ECL to TTL translator can be made to track 
Changes in logic levels. A typical circuit is 
shown in Figure 8. 


In system design one subsystem may in one 
configuration be driven with ECL line drivers, 
but in another configuration the same subsys- 
tem may be driven from a TTL gate. 


High gain, low input bias current and +2.0V 
common mode range on the RC4805 allow the 
easy design of an adaptive ECL-TTL to TTL 
translator. The ECL interface is the same as 
shown in Figure 6. By adding pull-up resistors 
and a bypassed level shifting resistor to the TTL 
outputs (see Figure 9), the same subsystem line 
receiver can interface with ECL or TTL with no 
hardware change in the receiver. 


In summary, the RC4805 is a very flexible sys- 
tem element that allows the system designer to 
interface ECL to TTL in a number of easy to use 
configurations. The RC4805 can also be used in 
an adaptive ECL-TTL to TTL interface. 


Latch 


— 2.4 
Latch Enable ST Liogs 


8 
+ 6 
4 
Fi 805 
- 1 
4 


TTL Out 


65-01504A 


Figure 6. Typical ECL to TTL Translator 
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Typical Examples (Continued) 


ECL Line 
Logic Termination 
Levels Resistor 


ECL GND -Vs (-5.2V) 


GND 
-Noise+ 


65-01505A 
Notes: 


1. Common mode range of 4805 is -8.0V to +2.0V. 
2. The 4805 can stand -3.0V, +5.0V of GND noise from the ECL GND to the TTL GND. 


Figure 7. ECL to TTL Translator With Extended Common Mode Range 


Same ECL Type 
ECL One~ = GND 
-Vs (-5.2V) 
10K 
~“—— Tracking 
Logic 
Threshold 


ECL Zero 


| 


65-01506A 
-V S 


Figure 8. Single-Ended ECL to TTL Translator With Tracking ECL Reference 
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Section 5 RC4805 


Typical Examples (Continued) 


For 2201) Line 

-Vs = -5.2V 

VtHEv = -2.0V 

R1=R3=1799 1800 
panei R2 = R4= 28602. =. 270 

R5 = R6 = 1K 

C1=C2=50pr 


ECL 
Signal 


Twisted 
Pair 


TTLorECLl 
os 


TTL 
Signal : 


TTL 
1/4 SN74265 


65-01507A 


Figure 9. Adaptive ECL-TTL to TTL Translator 


Comparators 


Schematic Diagram 
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Section 5 LM111/LH2111 


LM111/LH2111 piece 
Vo ltag 'S These low-input current voltage comparators 


are designed to operate over a wide range of 
Com arato rs supply voltages, including +15V and single +5V 
p supplies. Their outputs are compatible with 
DTL, RTL, TTL, and MOS devices, and can be 
connected in “wire-OR” configuration. The 


Features LH2111 consists of two LM111 ICs packaged in 
@ Low input offset current — 10 nA max one 16-lead DIP. Both the LM111 and LH2111 
@ Low input bias current — 100 nA max. are available with Mil-Std-883B screening. 


@ Operates from a single +5V supply 
@ Response time — 200 nS 


Connection Information 


8-Lead 8-Lead 16-Lead 
TO-99 Metal Can Dual In-Line Package Ceramic DIP 
(Top View) 


= 
= 


Function 
+V, (A) 
Ground (A) 
+Input (A) 
-Input (A) 


(Top View) 


Balance (B) 
Bal/Strobe (B) 
Output (B) 
+V, (B) 

10 Ground (B) 

11 +Input (B) 


OMAN OA LWN — 


Pin Function 12 -Input (B) 
1 Ground 13 Balance (A) 
2 +Input 14 Bal/Strobe (A) 
3 -Input 15 Output (A) 
4 -V, 16 NC 
5 Balance 
6 Balance/Strobe 
7 Output 
8 +V, 


LM111/LH2111 


Comparators 


Ordering Information 


Operating 
Part Number Package Temperature 
Range 


LM111T -55°C to +125°C 


LM1111/883B -55°C to +125°C 
LM111D -55°C to +125°C 
LM111D/883B -55°C to +125°C 
LH2111D -55°C to +125°C 
LH2111D/883B -55°C to +125°C 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
D = 8- lead ceramic DIP (LM111) 

D = 16-lead ceramic DIP (LH2111) 

T = 8-lead metal can (TO-99) 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 


Mask Pattern 


Die Size: 53 mils x 69 mils 
Min. Pad Dimensions: 4 mils x 4 mils 


Absolute Maximum Ratings 


Supply Voltage .............cccesccsesssssccssseessseeeees 36V 
CUE NO AY cares catetetetinctecne tee ceredegeettarccnueat SOV 
ATOR SO coca tetera tecenacedipapaes 30V 
Differential Input Voltage .............cceeeeeeeee 30V 
Input Voltage” .................csccccscssscescsssssecees +15V 
Power Dissipation™ ............0cccceeeeeeee 500 mW 
Output Short Circuit Duration ................. 10 Sec 
Storage Temperature 

POG ccssouyicucecacecctarnsanesctsat: -65°C to +150°C 
Operating Temperature 

PRG ecccsuveaseaesteeteeansuen -55°C to +125°C 
Voltage at Strobe Pin... eee +V, -5V 
Lead Soldering Temperature 

CO BOG aiaiaranadivenseonneenrbessaemesieseicsaan: +300°C 


“For supply voltages other than +15V, the maximum input 
is equal to the supply voltage. 


**Observe package thermal characteristics. 
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Section 5 LM111/LH2111 


Thermal Characteristics 


16-Lead 
Ceramic Ceramic 
DIP DIP 


Max. Junction Temp. 175°C 175°C 175°C 
Max. P, T, <50°C 658 mW 833 mW 1042 mW 


Therm. Res 6, 50°C/W 45°C/W 60°C/W 
Therm. Res. 6,, 190°C/W 150°C/W 120°C/W 


For T, >50°C Derate at 5.26 mW/'C 8.33 mW/C 8.38 mW/'C 


8-Lead 


Te : 


Min 
a 
a 
aa 
ata 
5mV overdrive 
ae 
el 
oe 
a 


ss 
0 


’ S = 
Output Voltage Low (V,, ) Vy so mV, 1 =50 mA, T, = +25°C 


Output Leakage Current Vy 25 MV, Voy, = 35V, 
T, = +25°C, lerpoge = 3 MA 


Input Offset Voltage? R, < 50 kQ 


Ww 
Oo 


i) 
Lae) 


Typ 
0.7 
200 

5 


1 


Input Voltage Range Pin 7 pull up may go to +5V 


Output Voltage Low (V,, ) +V, = 4.5V, -V, = OV, 
Viy <6 MV, |, = 8.0 MA 


Output Leakage Current Viy 25 MV, Voy7 = 35V ae 


Positive Supply Current T, = +25°C, each amplifier 
Negative Supply Current T, = +25°C, each amplifier 


1. Vo5: log, and |, specifications apply for V, = +5V to V, = +15V. 

2. Vo, and |, are maximum values required to drive the output to within 1V of either supply with a 1 mA load. 
3. Do not short circuit the strobe pin to ground — drive it instead with a 3 to 5 mA current. 

4. If the strobe and balance pins are unused, short them together for maximum ac stability. 
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LM111/LH2111 


Typical Performance Characteristics 


Input Bias Current (nA) 


Equivalent Input Offset Voltage (mV) 


Common Mode Limits (V) 


Input Bias Current 


Raised (Short Pins 
5, 6, and 8) 


15 +5 +25 +45 +65 


Temperature (°C) 


Offset Error 


Input Offset Current (nA) 


+85 +105 +125 


] a oe aoe eee 0 
che ag 


et ea 
ee ee 


Tt 
atl mii 
ate 


100K 1M 


65-4045 


10M 


Input Resistance (Q) 


Common Mode Limits 


-15 


Output Voltage (V) 


45 425 +45 +65 +85 +105 +125 


Temperature (°C) 


Raytheon 


Input Bias Current (nA) 


Comparators 


Input Offset Current 


Raised (Short 
Pins 5, 6 &8) 


$5 -35 -15 +5 +25 +45 +65 +85 +105 +12 


Temperature (°C) 


Input Characteristics 


Vg= = t15V 
Ta = +25°C 


ptt tT TY 
CECE 
oLL TT TTT TT ET atid 43 


“16 =-12 -8 <4 0 +4 8948 +12 +16 
Differential Input Voltage (V) 


Transfer Function 


RE SG ee A ae es 
Normal Output | | | 


x 
| of Vs =30V 


Ta=+25°C 


-1 -0.5 0 +0.5 +1 


65-4044 
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LM111/LH2111 


Section 5 


Typical Performance Characteristics (Continued) 


Response Time for Various 


Response Time for Various 


Input Overdrives 


Input Overdrives 


(A) 2BexOA indino 
(AW) eBeyo, indy; 


(A) 2BeyJ0Q yndyno 
(Aw) aBeyjoq ynduyj 


OSOP-S9 


6v0r-S9 


Time (1S) 


Time ( 1S) 


Response Time for Various 


Response Time for Various 


input Overdrives 


input Overdrives 


RMeooMOonNoONn 
rr “ = = 


(A) eBeijoa indjino 
(Aw) eBejoa jnduy 


os, 


— 


2S0r-s9 


ow 
a 4 


(A) aBBeyoa indino 


(Aw) aBeyjo, jnduy 


Time (uS) 


Time ( :S) 


Output Limiting Characteristics 


Output Saturation Voltage 


(M) uojpedissig 4eMod 


o o °eo 


Ta= +25°C 


é 


(yu) weND yWNIUID WoOUS 


(A) aBeyjon uoNBunes 


65-4054 


Output Voltage (V) 


Output Current (mA) 


5-20 


LM111/LH2111 Comparators 


Typical Performance Characteristics (Continued) 


Supply Current Supply Current 


Positive Supply 8 
(Output Low) 


i Positive Supply 
a Sa ries Low) 


~. | Ee SS 


_—— 
Positive and Negative Supply a 

caawee 
Ral 
ae ee ae a ee 


5 -35 -15 +5 +25 +45 +65 +85 +105 +125 
Supply Voltage (V) Temperature (°C) 


Positive and Negative 
Supply (Output High) 


Supply Current (mA) 
Supply Current (mA) 


65-4056 


Leakage Currents 


Leakage Current (A) 


Temperature (°C) 
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Section 5 LM111/LH2111 


Schematic Diagram 


Note: Pin numbers are for 8-lead packages 


U oe 

o (1) 

“Vs Ground 
65-4038 
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LM139/139A, 339/339A 


LM139/139A, 
339/339A, 
Single-Supply 
Quad Comparators 


Features 


M@ Input common mode voltage range includes 
ground 


M@ Wide single supply voltage range — 2V to 36V 


M@ Output compatible with TTL, DTL, ECL, MOS 
and CMOS logic systems 


M@ Very low supply current drain (0.8 mA) inde- 
pendent of supply voltage 


Description 


These devices offer higher frequency operation 
and faster switching than can be had from inter- 
nally compensated quad op amps. Intended for 
single-supply applications, the Darlington PNP 
input stage allows them to compare voltages that 
include ground. The two-stage common-emitter 
Output circuit provides gain and output sink 
capacity of 3.2 mA at an output level of 400 mV. 
The output collector is left open, permitting the 
designer to drive devices in the range of 2V to 
S6V. 


Comparators 


They are intended for applications not needing 
response time less than 1 1S, but demanding 
excellent op amp input parameters of offset 
voltage, current, and bias current, to ensure 
accurate comparison with a reference voltage. 


Connection Information 


14-Lead Dual In-Line Package (Top View) 


= 
= 


Function Pin Function 
Output B -Input C 
Output A +Input C 
-Input D 
+Input D 
Ground 
Output D 
Output C 


NOOR WD — 


+Input B 
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Section 5 


Absolute Maximum Ratings 


SUPPly VOItAGe, +V g ...eeoreceocsssesssseseete +36V or +18V 
Differential Input Voltage ..................:ssseeeseeeees 36V 
Input Voltage Range ..................6666 -0.3 to +36V'?) 
Output Short Circuit to Ground” ............. Continuous 
Input Current (V,.. < -0.38V) 2) eceeeeu 50 mA 
Operating Temperature Range 

PIV) 30 steraaenapesesversestegevceomenies -55°C to +125°C 

NN 8 scceiayoctoncintee aennncineentiouant 0°C to +70°C 
Storage Temperature 

PRAIA csocasanereaengsensitevostaraesesrees -65°C to +150°C 
Lead Soldering Temperature 

(O14 V0 SOC) sacierscasesiuteddamuiatancnccvscecs +260°C 
Lead Soldering Temperature 

OTP OO SOC) sieister-stsuscenererceysisecuiernrnncts +300°C 


See Notes on page 5-27 


Ordering Information 


Operating 
Temperature 
Range 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


Part Number 


Package 


LM339M 
LM339N 
LM339AM 
LM339AN 


LM139D 
LM139D/883B 
LM139AD 
LM139AD/883B 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 14-lead plastic DIP 

D = 14 lead ceramic DIP 

M = 14-lead plastic SOIC 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 
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Thermal Characteristics 


14-lead | 14-Lead | 14-Lead 
Plastic Plastic | Ceramic 
SO DIP DIP 


6.25 mW 
per °C 


8.38 mW 
per °C 


Die Size: 59 x 77 mils 
Min. Pad Dimensions: 4 x 4 mils 


LM139/139A, 339/339A Comparators 


Electrical Characteristics (+V, = +5Vv) 


LM139A LM339A 
Parameters Test Conditions Min Typ Max | Min Typ Max 


Input Offset Voltage T, = +25°C ® +1.0 +2.0 +1.0 +2.0 


Input Bias Current Output in Linear Range 25 100 nA 
T, = +25°C ®, V, = OV 


Input Voltage Range T, = +25°C ©), V. = 30V 


R, => on all comparators, 
T, = +25°C 
R 


, =, +V, = 30V, 
R, 2 15 kQ, +V, = +5V 
(to support large V,, swing), 
T, =+25°C 


Large Signal Response Viy = TTL Logic Swing, 
Time Voce = 1.4V, V,, = SV, 
R, = 5.1 kQ, T, = +25°C 


Supply Current 


Large Signal Voltage 
Gain 


IN- Vin, = 9, mV | 
loink & 4 MA, T, = +25°C 
Output Leakage Current | V,,.21V, V,. =0, | 
Vo = 5V, T, = +25°C 


" 
LA 


Cc 
Input Voltage Range +V. = 30V 0 +V, | O +V, 
-2.0 -2.0 
Saturation Voltage Vix. 2 1V, Via, = 0, 700 700 
lok <4 MA 
Output Leakage Current | V,,,21V, V,, =0, 
V, = 30V 
Differential Input Keep all Vs 2 OV V 
Voltage ( (or -V,, if used) ” 


See Notes on page 5-27 
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Section 5 LM139/139A, 339/339A 


Electrical Characteristics (+V, = +5V®) 


LM139 LM339 
Parameters Test Conditions Min Typ Max | Min Typ Max 


Input Offset Voltage T, = 425°C ® +2.0 +5.0 +2.0 +5.0 


Input Bias Current Output in Linear Range nA 


T, = +25°C “, V., = OV 


at 
Ow 
< 
= 3 
= <| S 


T, = +25°C ©), +V, = 30V 0 Af 0 
1. 


oa 
MI 
4 
N 
vl 
S? 
< 
2) 
= 
MI 
oO 
< 
It 
_ 
oO 
I+ 
Nm 
ou 
I+ 
de 
oO 
I+ 
1 
© 
=) 


Large Signal Voltage 

Gain R, 2 15 kQ, +V, = +5V 
(to support large V,, swing), 
T, = +25°C 
Viy = TTL Logic Swing, 
Voce = 1.4V, V,, = SV, 
R, = 5.1 kQ, T, = +25°C 


Large Signal Response 
Time 


leq <4 MA, T, = +25°C 


Output Leakage Current | V,,, 2 1V, V,, =0, 
Vo = SV, T, = +25°C 


joan (ae 
input Onset Curent | —~SCS~S~SsSSSSCS 
‘input Bias Curent [VasOVSSSC*SSSSCS*« 
CM 


Input Voltage Range Via, = SOV 0 +V, 0 
-2.0 
Output Voltage V,, Vi. 2 1V, Vay, = 0, 700 700 
lsink <4 MA 
Output Leakage Current | V,.21V, V,. =0, 
Vo = 30V 


Differential Input Keep all Vs 2 OV 
Voltage | (or -V,, if used) ™ 


‘ 
a 
NO 
roo) — 


See Notes on page 5-27 
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LM139/139A, 339/339A Comparators 


Electrical Characteristics (Continued) 


Notes: 

1. Short circuits from the output to +V, can cause excessive heating and eventual destruction. The maximum 
output current is approximately 20 mA independent of the magnitude of +V,. 

2. This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the 
collector base junction of the input PNP transistors becoming forward biased and thereby acting as input 
diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the IC 
chip. This transistor action can cause the output voltage of the comparators to go to the +V,, voltage level (or 
to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive 
and normal output sates will re-establish when the input voltage, which was negative, again returns to a value 
greater than -0.3V. 

3. These specifications apply for +V, = 5V and -55°C < T, < +125°C, unless otherwise stated. The LM339 
temperature specifications are limited to 0°C < T, < +70°C. 

4. The direction of the input current is out of the IC due to the PNP input state. This current is essentially 
constant, independent of the state of the output so no loading change exists on the reference or input lines. 

5. The input common mode voitage or either input signal voltage should not be allowed to go negative by more 
than 0.3V. The upper end of the common mode voltage range is +V, -1.5V, but either or both inputs can go 
to +30V without damage. 

6. The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 
nS can be obtained. See Typical Performance Characteristics section. 

7. Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains 
within the common mode range, the comparator will provide a proper output state. the low input voltage state 
must not be less than -0.3V (or 0.3V below the magnitude of the negative power supply, if used). 

8. At output switch point, V, = 1.4V, RS = 0Q with +V, from 5V to 30V; and over the full input common mode 
range (V,, to +V, -1.5V). 

9. For input signals that exceed +V,, only the overdriven comparator is affected. With a 5V supply, V,, should 
be limited to 25V max, and a limiting resistor should be used on all inputs that might exceed the positive 
supply. 

10. Guaranteed by design. 
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Section 5 


Typical Performance Characteristics 
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Supply Current (mA) 


Supply Current 
1.0 — 
a 
Py os ee a a 
ee ee Oe, corn ee 
ob eed Ta = 25°C 
a 
oy ae ae OO es 
Tt ee 
wl | | | 1 
n-= | | | | | | & 
0 | | | | tl Te 
10 20 30 40 


Supply Voltage (V) 


LM139/139A, 339/339A 


Input Current 


Vin(cm) = OVDC a 


Rin(cm) = 10° 


Input Current (mADC) 


65-00684A 


0 10 20 30 40 
Supply Current (V) 


Output Saturation Voltage 


Saturation Voltage (V) 


Output Voltage 
(Vo (V) 


Input Voltage 
Vin (mV) 


Time (uS) 


Out of A 
Saturation Hl) 
_ 


+5V 


65-00686A 


LM139/139A, 339/339A Comparators 


Typical Performance Characteristics (Continued) 


Response Time for Various Input Overdrive Positive Transition 


+5V 


Vy 5.1K 


Output Voltage 
Vo {V) 


Vout 


Input Voltage 
Vin (mV) 


65-00687A 


Time (uS) 


Supply Current Input Current 


4 = ale 

= - 

= : — 

a . Fae 
fo at <a ie i 
: FEES eet 

0 10 20 30 40 40 
Supply Voltage (V) Supply a (V) 


Output Saturation Voltage 


Saturation Voltage (V) 


65-00690A 


Output Sink Current (mA) 
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Section 5 LM139/139A, 339/339A 


Typical Applications — Single Supply (+Vs = +15v) 


Driving TTL Driving CMOS Comparator With Hysteresis 


—_ 65-00672A 


65-00671A 


10M 65-00673A 


" ORing the Output Limit Comparator 


+Vs +Vg (12V) 
@ 


2Rs 
+VreF High O 


2N2222 


@ 
+VpeF Low 


| 65-00674A = 


65-00675A 


One-Shot Multivibrator With Input Lock Out 


+Vs 


65-00676A 
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LM139/139A, 339/339A 


Comparators 


Typical Applications — Single Supply (Continued) 


Zero Crossing Detector (Single Power Supply) 


TTL to MOS Logic Converter 


65-00677A 


VreF O 
(+1.4V) 


65-00679A 


Low Frequency Op Amp 


0.5uF 


65-00678A 


Pulse Generator 
O +15V 


15K 


R2 D2 
100K 1N914 


+15V 


“For large ratios of R1/R2, 
D1 can be omitted 


ad 65-00680A 
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Section 5 LM139/139A, 339/339A 


Typical Applications — Single Supply (+V, = +15V and -V, = -15V) 


Zero Crossing Detector Comparator With a Negative Reference 


— Vs 65-00682A 


#Vs 


(5,7,9,11) 
(+) 0 
Inputs 
“oO 


(4,6,8,10) 


Output 


O 
Qs (2,1,14,13) 


Q5 ' J 
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LP165/365 


Comparators 


a———— eee 


LP165/365 
Micropower 
Programmable 
Quad Comparator 


Features 


@ Single programming resistor tailors power, 
input currents, speed, and output current 
characteristics 


# Uncommitted emitters allow logic interface 
flexibility 

@ Wide supply voltage range or dual supplies 
(4V to 36V, or +2V to +18V) 

@ Input common mode range includes ground 
in single supply applications 


@ Low power consumption (10uW per com- 
parator at Vs = 5V, Iset = 0.5uA) 


Description 


The LP165/365 consists of four independent 
voltage comparators constructed monolithically 
using a bipolar transistor fabrication process. 
These comparators are functionally similar to 
the 139 series of comparators, but feature pro- 
grammability and an uncommitted output emit- 
ter connection. Programmability gives the user 
ability to adjust supply current drain and so con- 
trol power dissipation. At higher values of pro- 
gramming (Iset) Current the supply current will 
increase, response time and output drive capa- 
bility will improve, and input bias currents will 
increase. At lower values of Iset Supply current 
and power dissipation will decrease, the re- 
sponse time slows, and input bias currents im- 
prove. The uncommitted output emitter connec- 
tion allows flexibility to interface with various 
logic families, such as TTL, DTL, CMOS, 
NMOS, and PMOS. 


These comparators can be operated from a 
single or split power supply; the inputs have a 
common mode range that includes the negative 
supply voltage (ground in single supply 
applications). 


Applications include battery-powered circuits, 
threshold detectors, zero crossing detectors, 
multivibrators, VCOs, and digital interface 
circuits. 
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Section 5 


Connection Information 


16-Lead DIP (Top View) 


aS 
S 


Function 
Set Current 
Output B 
Output A 


, 
2 
i 
4 
5 
6 
v4 
8 
9 


Output C 
Emitter Common 
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LP165/365 


LP165/365 Comparators 


Absolute Maximum Ratings Thermal Characteristics 
SUDDIY VOMAGG scseusscossinsstescctessewstnars 36V or +18V 
Differential Input Voltage .......... ee ceeeeeeeees 36V 
Input Voltage .......... -0.3V to +36V (single supply)” 
Output Short Circuit 
UT AN OO NOV oo esincccsmsincteisctingesteacccsiarse Indefinite~ 
Storage Temperature 
PRA OG ccercnugesvetieenssatetee seein -65°C to +150°C 
Operating Temperature Range 
10 esthcavecarcteartcmenecees: -55°C to +125°C 
LPS65/LPSGSA\. jive seienwsssuccnveranonve 0°C to +70°C 
Lead Soldering Temperature 
(60 SOC) scccscronesascriacaxsscinceseseeecavensiucicns +300°C 
*The input voltage is not allowed to go 0.3V above +V, or Mask Pattern 


-0.3V below -V, as this will turn on a parasitic transistor 
causing large currents to flow through the device. 
**Short circuits from the output to +V, may cause exces- 2 116 15 14 
sive heating and eventual destruction. The current in the 
output leads and the V, lead should not be allowed to 
exceed 30 mA. The output should not be shorted to -V, if V,. 
2 (-V,) +7V. 


Ordering Information 


Operating 
Temperature 
Range 


LP365N 0°C to +70°C 
LP365AN 0°C to +70°C 
LP165D -55°C to +125°C 
LP165D/883B -55°C to +125°C 


Notes: 

/883B suftix denotes Mil-Std-883, Level B processing 
N = 16-lead plastic DIP 

D = 16-lead ceramic DIP 

Contact a Raytheon sales office or representative for 
ordering information on special packageAemperature 
range combinations. 


Part Number Package 


67 89 1011 


Die Size: 60 x 86 mills 65-02218A 
Min. Pad Dimensions: 4 x 4 mils 
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Section 5 LP165/365 


Electrical Characteristics (Vv, = +5vV, |,., = 10 pA, and T, = +25°C) 


LP165/LP365A LP365 
Parameters Test Conditions 


rai ye [mix | min | yw [Wa 
TopuOneevolage «(Vows toon | ft+)s| (2,6 |m_ 
FnputOnserCurent | Von=v—SS*Y~«dP 2] A | 
Tnputias Curent «(Vou —SSC*dY~SC«d |] | A 
[a8 [00 [vi 
nputvotageRange | SSC] a 
Conon Mode Reston Ratio | O=Vow=aV___—| 75 

Supp Curent | Output igh Opentoad | 
Fouputvatagetow | Ve=O.igw=08mA | 04 
Fouputakage Curent | Wor 8V.ve=W | 


Voc = 5V, Ve = OV, Rp = SkO 
C. = 10pF, 100mV Step With 
5mV Overdrive 
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Electrical Characteristics (-55°C <T, < +125°C for the LP165; 0°C <T, < +70°C for the 
LP365/365A; V, = +5V, I,_, = 10 A over operating temperature range) 


LP165/LP365A LP365 


roa] [oa fos |v 
[000 [a 
roa fe [| ma 


5-36 saytheon 


LP165/365 Comparators 


Electrical Characteristics (V, = +15vV, |,., = 100 pA, and T, = +25°C) 


Min | Typ | Max | min | Typ | Max | 
2 


input Onset vorage (| Vow=OvAg= wo] Tt | 3 | iv 
a a a Ce ee 
input Bias Curent | Vow=OV_— || | 200 | | BO | S00 | 
[Large Signal VotageGain | Vo=1toW. R= 15x | 100 [500 | | 100 | 500) | vim 
input VotageRarge =| S| BY  Y 
[Common ode Reecion Ratio | -15V=Vow=+0V 75 | | |S | || 
Power Supply Rejection Ratio +H10V < Vs < +15V tet He + dB 
rSupplyCurent «| ==,Oulputrigh | —«(f28 | 80 | 28 | 5 
i a 
Output Voltage Low Ve=O0 

OutptLeakage Curent | Wo tSV.Ve= OV | 
OutputSink Curent =| Ve=Ou.Wo=0av | 8 || 


Response Time Voc = 5V, Ve = OV, R, =5 kQ 
C. = 10pF, 100mV Step With 
5mV Overdrive 


Electrical Characteristics (-55°C < T, < +125°C for the LP165; 0°C <T, < +70°C for the 
LP365/365A; V, = +15V, I,., = 100 pA ) 


itl 
in [Tye | max | win | Tye [ man 
ron fea votage ‘| VorR=won | fi] 6] | 3)9| mw 


Input Offset Current re ee 200 nA 
npt Bias Current PVou= |S (| |S | BO) 
Common Mode Rejection Ratio ee ee dB 
Power Supply Rejection Ratio +10V < Vg < +15V | 70 | 0] | 70 oa dB 
OuiputVliage Lon rve=o iT ~SS«f oz ow | [oa | oa] 
Output Leakage Current | Vo=15V,Ve=-15V = | | 30 | 5000] | 30 | 5000 |} nA 
Output Sink Current 55 7] | 4] 5 | mA 
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Section 5 


Typical Performance Characteristics 


Supply Current (mA) 


Supply Current (mA} 


Saturation Voltage (V) 


Supply Current vs. Iset 
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Supply Current vs. Temperature 


+25 +50 
Temperature (°C} 


+75 +100 +125 


Output Saturation Voitage 
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65-02207A 


65-02209A 


65-02211A 


LP165/365 


Supply Current vs. Supply Voltage 


Supply Current (mA) 


65-02208A 


Total Supply Voltage (V) 


Input Bias Current vs. Iset 
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0.1 1 10 100 1000 
Iset (uA) 


Input Bias Current (nA) 


Voitage Gain vs. Iset 
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65-02212A 


65-02210A 
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Typical Performance Characteristics (Continued) 


LP165/365 Response Time Negative Transition 


Output 
Voltage (V} 


Input 
Voltage (mV) 


Time (uS) 


Ta = +25°C, +5V, 5mV Overdrive 
a ae a ee ee ee a 


5 
re a eee 
ae ae (a Ore ne a 
1 a “eu | 
fo ISeET = Wp 
| 
0 
wool tt | t_ 
os a 
a a ae a as 
a ae a ee ee a ee 
0 2 4 6 
Time (S} 


Response Time Negative Transition 


40 


NL den over 
30 mV Overdrive 
NSE 
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65-02214A 


65-02215A 


Comparators 


LP165/365 Response Time Positive Transition 


Output 
Voltage (V) 


Input 
Voltage (mV) 


Time (.S} 


Ta = +25°C, +5V, 5mV Overdrive 


a a (A 
nina ISET = ee P| 
| i LY | ot | 
ms 


p= ISET = 100A 


65-02213A 


Time {uS) 


Response Time Positive Transition 
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Section 5 


Typical Applications 


+Vs 


VIN Output 


ISET = 


Logic Gnd Isupply © 22 x IseT 


Split Supply With Logic Output 


+Vs 
() 


65-0219+A 


It‘is a good practice to add a few millivolts of 
positive feedback to prevent oscillation when 
the input voltage is near the threshold. 


Ordinary Hysteresis 


65-02196A 


Dy = Small signal Schottky or low Vp equivalent 


Opposite Polarity Magnitude Comparator 


(Single Supply) 


5-40 Rayvinecn 


(+Vs) - (-Vs) - 1.3V 
RSET 


LP165/365 


VIN @ 
Output 


— 3.7V 
SET Rset 


= 65-02193A 


TTL Supply — TTL Output 


O VouT 


= 65-02195A 


Positive feedback from the emitter can also 
prevent oscillations when Vij is near the 
threshold. Can only be used with one 
section of four. 


Hysteresis From Emitter 
+Vs 


65-02197A 


Zero Crossing Detector (Single Supply) 


LP165/365 Comparators 


Typical Applications (Continued) 


Strobe 
10 2k 
15 
10 
2k 
15 
65-02199A 
bad 65-02198A 
If you choose Ve = 25mV, 75mV, or 125mV, then Comparators B, C, and D do not respond until 
Vout will fall if 1/3, 2/3 or all of the other three activated by the signal applied to comparator A. 
outputs are low. 
Voting Comparator Level Sensitive Strobe 
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Section 5 


Typical Applications (Continued) 


TTL Gate 


65-02200A 


65-02202A 
X = 100kHz series — resonant crystal 


Crystal Controlled Oscillator 
(Single Supply) 


5-42 


LP165/365 


Win Logic In 


Q1 = 2N3904 or equivalent 


65-02201A 


Chip Disable (Transistor) 


100k 


65-02203A 


Squarewave Oscillator 


LP165/365 


Typical Applications (Continued) 


Logic In 


65-02204A 


Wired-OR Outputs 


Comparators 


001 uF 


R4 = 10R3 
Dy2 = 1N914 


65-02205A 


One Shot Multivibrator 


+15V 


375mV 


Reverse (-in) and (+in) for NAND function 
Replace 39k with 200k for OR function 


65-02206A 


3 Input AND Gate 
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Simplified Schematic Diagram 


(4) 
+Vs 
(3,2,15, 14) 
Out 
O 
Rset (ext) 


(1) 


In © 
Y Iser 


(6,8,10,12) 
Current 
Source 
Control 


fae (+Vset) - (-Vs) - 1.3V 
SET ~ SET (13) 
lsupply ~ 22 X IseT 
Current sources are programmed by Iset 
65-02190A 


Ve is common to all 4 comparators 


LP165/365 


D/A Converters 


SECTION 6 
DIGITAL-TO-ANALOG CONVERTERS 


DEFINITIONS 


Differential Nonlinearity (DNL) 

The incremental error from an ideal 1 LSB analog 
output change when the input is changed 1 LSB; 
guaranteed monotonicity requires the differential 
nonlinearity error to be less than 1 LSB. Differ- 
ential nonlinearity is expressed as a percentage 
of the full scale output. 


Full Scale Current (Irs) 

The maximum current that can be obtained from 
the output, -for a specified reference current, 
measured in milliamps (mA). A typical binary 
D/A produces its full scale output with all ones 
applied at the input. 


Full Scale Symmetry 

The difference between the full scale output 
values of the two outputs of a complementary 
output D/A, expressed in microamps (yA). 


Gain Temperature Coefficient 

The variation of full scale current measured over 
a specified temperature range, expressed in parts 
per million per degree C (ppm/°C). 


anne is @T1)-'rs @ Ta) (=) 
T(1) — Ta) IFS 


Where T(1) and T,2) are the upper and lower 
limits of the specified temperature range. 


Least Significant Bit (LSB) 

The digital input line which has the smallest effect 
on the analog output. LSB can also refer to the 
measure of the analog output change when the 
input code is incremented; in that case, the ideal 
value of 1 LSB is calculated as: 


1 LSB = (Sx) (Full Scale Range) in Vor mA 


where N is the resolution of the converter. 


Logic Input Current 

The input current into the logic switch at a 
specified applied voltage, expressed in micro- 
amps (uA). 


Logic Input Levels 
The range of voltages within which the logic trip 
level is guaranteed to be expressed in volts (V). 


Monotonicity 
For any one LSB increase in input code the 
D/A output either increases or remains constant. 


Nonlinearity 

The difference between the actual analog output 
and an imaginary straight line drawn between 
the measured zero scale and full scale readings, 
for any code combination. Nonlinearity is ex- 
pressed as a percentage of the full scale output. 
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Section 6 


DEFINITIONS (Continued) 


Output Capacitance 

The value of the internal parasitic capacitances, 
modeled as a single capacitor from the output 
to ground, expressed in picofarads (pF). 


Output Voltage Compliance 

The range of voltages over which the output 
can be driven while maintaining nonlinearity 
specifications, measured in volts (V). 


Power Consumption 

The DC power required to operate the D/A con- 
verter with a specified reference current, expressed 
in milliwatts (mW). 


Power Supply Sensitivity 

The ratio of change in the full scale output to 
a change in supply voltage, measured in percent 
of full scale per percent change in supply voltage 
(YAFS/%AV). 


Propagation Delay 

The time delay between a step input to all inputs 
and a change in the output, from the 50% point 
of TTL input swing to the 50% point of the 
final output value. Propagation delay is expressed 
in nanoseconds (nS). 


Reference Bias Current 

The input current to the reference amplifier which 
subtracts from the reference current, expressed 
in microamps (yA). 


Reference Current Range 

The range of currents into the reference terminal 
over which the D/A converter is guaranteed to 
meet the resolution specification, measured in 
milliamps (mA). 


Reference Input Slew Rate 

The average rate of change of the output current 
for a step change at the reference input, ex- 
pressed in milliamps per microsecond (mA/yS). 


Resolution 

The number of inputs or bits. The number of 
discrete steps or states at the output is equal 
to 2N, where N is the resolution of the converter. 


Settling Time 

The time delay between a 50% of TTL level 
change at all logic inputs to the point where 
the output settles within a specified error band 
of its final value, for either full scale to zero 
scale or zero scale to full scale changes. Settling 
time is measured in nanoseconds or micro- 
seconds (nS or uS). 


Supply Current 

The current required from the power supply 
to operate the D/A converter under specified 
supply voltage and reference current conditions, 
expressed in milliamps (mA). 


Supply Voltage 

The range of power supply voltages over which 
the D/A converter is guaranteed to meet the 
resolution specification, expressed in volts (V). 


Zero Scale Current 

The leakage current flowing into the D/A con- 
verter output with all logic inputs off and the 
output at a specified voltage, expressed in micro- 
amps (yA). 
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DAC-08 


DAC-08 

8-Bit High Speed 
Multiplying D/A 
Converter 


Features 


Fast settling output current — 85nS 

Full scale current prematched to +1.0 LSB 
Direct interface to TTL, CMOS, ECL, HTL, 
PMOS 

Nonlinearity to +0.1% max. over temperature 
range 

High output impedance and compliance — 
-10V to +18V 

Differential current outputs 

Wide range multiplying capability — 1.0MHz 
bandwidth 


@ Low FS current drift — +10ppm/° C 

m Wide power supply range — +4.5V to +18V 
m Low power consumption — 33mW @ +5.0V 
@ Low cost 

Description 


The DAC-08 series of 8-bit monolithic multiply- 
ing Digital-to-Analog Converters provide very 
high speed performance coupled with low cost 
and outstanding applications flexibility. 


Advanced circuit design achieves 85nS settling 
times with very low “glitch” and at low power 
consumption. Monotonic multiplying perfor- 
mance is attained over a wide 40 to 1 reference 


D/A Converters 


Current range. Matching to within 1 LSB 
between reference and full scale currents 
eliminates the need for full scale trimming in 
most applications. 


Direct interface to all popular logic families with 
full noise immunity is provided by the high 
swing, adjustable threshold logic inputs. 


High voltage compliance dual complementary 
Current outputs are provided, increasing versa- 
tility and enabling differential operation to effec- 
tively double the peak-to-peak output swing. In 
many applications, the outputs can be directly 
converted to voltage without the need for an 
external op amp. 


All DAC-08 series models guarantee full 8-bit 
monotonicity, and nonlinearities as tight as 
+0.1% over the entire operating temperature 
range are available. Device performance is 
essentially unchanged over the +4.5V to +18V 
power supply range, with 33mW power consump- 
tion attainable at +5.0V supplies. 


The compact size and low power consumption 
make the DAC-08 attractive for portable and 
military/aerospace applications; devices 
processed to MIL-STD-883, Level B are 
available. 


DAC-08 applications include 8-bit, 1.0uS A/D 
converters, servo-motor and pen drivers, 
waveform generators, audio encoders and 
attenuators, analog meter drivers, program- 
mable power supplies, CRT display drivers, high 
speed modems and other applications where 
low cost, high speed and complete input/output 
versatility are required. 
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Connection Information Mask Pattern 


16-Lead 
Dual-In-Line 
(Top View) 


Vic Threshold Control 


Die Size: 94 x 100 mils 
Min. Pad Dimensions: 4 x 4 mils 


65-00177A 


Functional Block Diagram 


MSB LSB 
+Vs Vic BI B2 B3 B4 B5 B6 B7 B8 
e (1) e e e e e e e e 
Us) 61 6 ml @! @f aol anf qa) 
Bias 
Network Switch Level Shift 
loy 
eT ET oem 
panien) Cri Sel Oi esr kh ow aes : 
(14) Switches a. O 2 e o O oO e oO e 2 O oO e oO 4 (2) 
VREF(+) © gf e e e e O e e e louT 
i) EP 
Vrer(-) : a. 
Reference Amplifier 
16 
Goines IK 
(3) 
-Vs © 
500 500 500 500 500 500 500 


65-00178A 
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D/A Converters 


Ordering Information 


Pack- Operating 
Part Number age Temperature Non- 
Range linearity 
DAC-O8HN 0°C to +70°C +0.1% 
DAC-O8EN 0°C to +70°C +0.19% 
DAC-08CN 0°C to +70°C +0.39% 
DAC-08AD -55°C to +125°C 


-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


DAC-08D 
DAC-08D/883B 
DAC-08AD/883B 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N= 16-lead plastic DIP 

D =16-lead ceramic DIP 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 


16-Lead 


Thermal Characteristics 
16-Lead 
Ceramic Plastic 


ne DIP DIP 


Max. Junction Temp. 
Therm. Rese, | eorew | 


For T, >50°C 8.38 mW | 7.41 mW 
Derate at per °C per “°C 


Absolute Maximum Ratings 
(T, = +25°C unless otherwise noted) 


Supply Voltage (between +V, and -Vo.. nem. 36V 
BOGIO TNOUIS -sscccceainvrcerecsieciteinen -V, to -V, plus 36V 
Bes tate athe ntact carpio gpiperctenicG etbecginte -V, to +V,, 

Analog Current Outputs ................cccccecesseeee 4mA 
Reference Inputs (V,, to V,,) .....seee -V, to +V, 
Reference Input Differential 

MOMAQO UY 10 V2) sicssevstexnsnnstesnpnnrestcanspas +18V 
Reference Input Current (I, ,) .........sseeeees 5.0 mA 
Operating Temperature Range 

DAC-OBAD,. DD ssiissisnsnesiaveccenvesen' -55°C to +125°C 

DAC-O8HN, EN, CN................000. 0°C to +70°C 
Storage Temperature 

PANO sense secre cersiatneseeeontee: -65°C to +150°C 
Lead Soldering Temperature 

NO BOC) se cteeevtesocecnancvheerinevsantinraysedenis +300°C 
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Electrical Characteristics (Vs = +15V, Ipcr = 2.0mA, Ta = -55°C to +125°C for DAC-08 and 
DAC-08A; Ta = 0°C to +70°C for DAC-08C, DAC-08E and DAC-08H unless other specified. Output 
characteristics refer to both Ioyt and lout.) 


DAC-08A/-08H 
Parameters Test Conditions Typ 


Reson | 
Nonlinearity Full Temperature Range 


To +'LSB, All Bits 
Settling Time Switched ON or OFF 
Ta = +25°C (See Note) 


— Comal 
wn ~” 


+0. 


— 
= 
op 
op) 


Propagation Delay Ta = +25°C 


Each Bit 
All Bits Switched (See Note) 


Full Scale Tempco 


Full Scale Current 
Output Voltage Compliance Change < LSB -10 +18 
Rout > 20M2 Typical 


Vrer = 10.000V 
Full Scale Current R14, Ris = 5.000kN 1.992 | 2.000 
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cal | INO 
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Output Current Range 


Veer = +15V, 2.1 
-Vg = -10V 


R14, Ry5 = 5.000kN 


Logic Input Levels 
Logic “0” 


Logic Input Current 
Logic “0” 


C 
Vin = -10V to +0.8V 
Vin = 2.0V to 18V 


Logic Input Swing -Vs = -15V -1 
Logic Threshold Range (See Note) Vs = +15V -10 
Reference Bias Current as a 


Reference Input Slew Rate (See Note) 
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Note: Guaranteed by Design 
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DAC-08 D/A Converters 


Electrical Characteristics (Continued 


) 
Parameters Test Conditions Min | Typ | Max | Min} Typ | Max | 


Power Supply Sensitivity +Vs = 4.5V to 18V %AFS/ 
Positive -Vs = -4.5V to -18V +0.0003} +0.01 +0.0003} +0.01) %AV 

lInee = 1.0mMA | 

per=20ma— || | 78 


Vg = +15V, 
lper = 2.0MA 


_ 
_ 8| 
a 8] | 4 
a i 
lIper = 1.0mA 


Negative 


Power Supply Current 
Positive 


Negative 


Positive 


Negative 
Positive 


Negative 


Power Consumption Vs = +5.0V, -15V, 
lRer = 2.0mMA 
Vg = + 15V, 
lIneF = 2.0MA 


Resolution 
Nonlinearity Full Temperature Range 


To +%2LSB, All Bits 
Settling Time Switched ON or OFF 
Ta = +25°C (See Note) 


Propagation Delay 


Each Bit Ta = +25°C 


All Bits Switched (See Note) 


Full Scale Current 
Output Voltage Compliance Change < ‘LSB 
Royt > 20MQ. Typical 


Vrer = 10.000V 
Full Scale Current R14, Ry5 = 5.000k. 1.94 
Ta = +25°C 


Full Scale Summetry lesa-leso Fo 1.0 
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Electrical Characteristics (Continued) 


Zero Scale Current 


‘enue th were 
ee ee 
21 


Vere = +15V, ; 2.1 mA 
-Vs = -10V 
Veer = +25V, 4.2 4.2 mA 
Vg = -12V 


Output Current Range 


R44, Ry5 = 5.000k0 


Logic Input Levels 
Logic “0” 
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9 ed 
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Logic Input Current Vic = OV 
Logic “0” Vin = -10V to +0.8V 


Vin = 2.0V to 18V 


Logic Threshold Range (See Note) Vs = +15V - 
Reference Bias Current rl 
Reference Input Slew Rate (See Note) oe 


Power Supply Sensitivity 
Positive 
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Negative 


Power Supply Current 
Positive 


Vs = +5.0V, 
IReF = 1.0mMA 


Vs = +5.0V, -15V, 
Vs = +15V, 

Vg = +5.0V, 

lIner = 1.0mA 


Vs = +5.0V, -15V, 
IReF = 2.0mA 

Vs = +15V, 

Ine = 2.0mMA 
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Note: Guaranteed by design 


DAC-08 D/A Converters 


Typical Performance Characteristics 


True and Complementary Output Operation Full Scale Settling Time 


All bits Switched ON 


2.4V- 
Logic Input 

gel cela | 
Output = ee 


Settling §+14/2LSB- 


| reer eer 
(00000000) 49994441) 50nS/Division 
Irs = 2.0mA 
65-00179A Ri = 1.0K 
1/2 LSB = 4.0uA 
LSB Switching Fast Pulsed Reference Operation 


Bit 8 
Logic Input 


50nS/Division 200nS/Division 
Reg (Input) ~ 2000 
Ry = 1000 


+Vin = 10V 
Full Scale Current vs. Reference Current 


Ta = Tmin to Tmax 
All bits “High” 


Limit for 
—Vs = -5.0V 


Irs, Output Current (mA) 


0 1.0 2.0 3.0 40 5) 
Incr, Reference Current (mA) 
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Typical Performance Characteristics (Continued) 


Reference Input Frequency Response 


gL Ria = Ras = 1.0K0_| | TT] a 
Ri < 5002 


6F All Bits “On” 


centered at +1.0V 
large signal 
2. Cc = 15PF, VIN = S0MVp-p 
centered at +200mV 
Small signal 
| 


0.1 1.0 10 
Frequency (MHz) 


Relative Output (dB) 
ane 


Applications Information 
Reference Amplifier Setup 


The DAC-08 is a multiplying D/A converter in 
which the output current is the product of a digital 
number and the input reference current. The 
reference current may be fixed or may vary from 
nearly zero to +4.0mA. The full scale output 
Current is a linear function of the reference current 
and is given by: 


Is= Se X IRer¢ where Ip_er = 144 

In positive reference applications, an external 
positive reference voltage forces current through 
R44 into the Vreri+) terminal (pin 14) of the 
reference amplifier. Alternatively, a negative ref- 
erence may be applied to VRer-) at pin 15; 
reference current flows from ground through R44 
into VReF(+) as in the positive reference case. This 
negative reference connection has the advantage 
of avery high impedance presented at pin 15. The 
voltage at pin 14 is equal to and tracks the voltage 
at pin 15 due to the high gain of the internal 
reference amplifier. R45 (nominally equal to R44) is 
used to cancel bias current errors; R15 may be 
eliminated with only a minor increase in error. 


Bipolar references may be accommodated by 
offsetting Vrer or pin 15. The negative common 


LSB Propagation Delay vs. IFs 
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400 
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200 1.0LSB = 7.8uA 


Propagation Delay (nS) 
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mode range of the reference amplifier is given by: 
Vom- = -Vs plus (IReF xX 1k) plus 2.5V. The 
positive common mode range is +Vs less 1.5V. 


When a DC reference is used, a reference bypass 
Capacitor is recommended. A 5.0V TTL logic 
supply is not recommended as a reference. If a 
regulated power supply is used as a reference, R44 
should be split into two resistors with the junction 
bypassed to ground with a 0.1uF capacitor. 


For most applications the tight relationship be- 
tween Iperf and Irs will eliminate the need for 
trimming Ire. If required, full scale trimming may 
be accomplished by adjusting the value of R44, or 
by using a potentiometer for R74. An improved 
method of full scale trimming which eliminates 
potentiometer T.C. effects is shown in the recom- 
mended full scale adjustment circuit. 


Using lower values of reference current reduces 
negative power supply current and increases 
reference amplifier negative common mode range. 
The recommended range for operation with a DC 
reference current is +0.2mA to +4.0mA. 


The reference amplifier must be compensated by 
using a capacitor from pin 16 to -Vs. For fixed 
reference operation, a 0.01uF capacitor is rec- 
ommended. For variable reference applications, 
see section entitled “Reference Amplifier Com- 
pensation for Multiplying Applications.” 
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Multiplying Operation 


The DAC-08 provides excellent multiplying per- 
formance with an extremely linear relationship 
between Irs and Iperf over a range of 4.0mA to 
4.0uA. Monotonic operation is maintained over a 
typical range of IRer from 100uA to 4.0mA. 


Reference Amplifier Compensation for 
Multiplying Applications 


AC reference applications will require the ref- 
erence amplifier to be compensated using a 
Capacitor from pin 16 to -Vs. The value of this 
Capacitor depends on the impedance presented 
to pin 14; for R34 values of 1.0, 2.5, and 5.0kQ, 
minimum values of Cc are 15, 37, and 75pF. Larger 
values of R14 require proportionately increased 
values of Cc for proper phase margin. 


For fastest response to a pulse, low values of R44 
enabling small Cc values should be used. If pin 14 
is driven by a high impedance such as a transistor 
Current source, none of the above values will 
suffice and the amplifier must be heavily compen- 
sated which will decrease overall bandwidth and 
slew rate. For Ryq = 1.0kQ and Cc = 15pF, the 
reference amplifier slews at 4.0mA/uS enabling a 
transition from IpReF = 0 to IReF = 2.0mA in 500nS. 


Operation with pulse inputs to the reference 
amplifier may be accommodated by an alternate 
compensation scheme. This technique provides 
lowest full scale transition times. An internal 
clamp allows quick recovery of the reference 
amplifier from a cutoff (IReF = 0) condition. Full 
scale transition (0 to 2.0mA) occurs in 120nS 
when the equivalent impedance at pin 14 is 2000 
and Cc = 0. This yields a reference slew rate of 
16MA/uS which is relatively independent of Rij 
and Vij values. 


Logic Inputs 


The DAC-08 design incorporates a unique logic 
input circuit which enbles direct interface to all 
popular logic families and provides maximum 
noise immunity. This feature is made possible by 
the large input swing capability, 2.0uA logic input 
current and completely adjustable logic threshold 
voltage. For -Vs = -15V, the logic inputs may 
swing between -10V and +18V. This enables direct 
interface with +5V CMOS logic, even when the 
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DAC-08 is powered from a +5V supply. Minimum 
input logic swing and minimum logic threshold 
voltage are given by: -Vs plus (IReF x 1.0kQ) plus 
2.5V. The logic threshold may be adjusted over a 
wide range by placing an appropriate voltage at 
the logic threshold control pin (pin 1, Vic). The 
appropriate graph shows the relationship between 
Vic and Vt over the temperature range, with Vry 
nominally 1.4V above Vic. For TTL and DTL 
interface, simply ground pin 1. When interfacing 
ECL an Iperf = 1.0mA is recommended. For 
general setup of the logic control circuit, it should 
be noted that pin 1 will source 100uA typical; 
external circuitry should be designed to accom- 
modate this current. 


Fastest settling times are obtained when pin 1 
sees a low impedance. If pin 1 is connected to a 
1.0kQ divider, for example, it should be bypassed 
to ground by a 0.01uF capacitor. 


Analog Output Currents 


Both true and complemented output sink currents 
are provided where Io + Io = Ifg. Current appears 
at the “true” output when a “1” is applied to each 
logic input. As the binary count increases, the sink 
Current at pin 4 increases proportionally, in the 
fashion of a “positive logic” D/A converter. When a 
“0” is applied to any input bit, that current is turned 
off at pin 4 and turned on at pin 2. A decreasing 
logic count increases Io as in a negative or 
inverted logic D/A converter. Both outputs may be 
used simultaneously. If one of the outputs is not 
required it must still be connected to ground or to 
a point capable of sourcing IFs; do not leave an 
unused output pin open. 


Both outputs have an extremely wide voltage 
compliance enabling fast direct current-to-voltage 
conversion through a resistor tied to ground or 
other voltage source. Positive compliance is 36V 
above -Vs and is independent of the positive 
supply. Negative compliance is given by -Vs plus 
(IREF x 1.0kQ) plus 2.5V. 


The dual outputs enable double the usual peak- 
to-peak load swing when driving loads in quasi- 
differential fashion. This feature is especially 
useful in cable driving, CRT deflection, and other 
balanced applications such as driving center- 
tapping coils and transformers. 
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Power Supplies 


The DAC-08 operates over a wide range of power 
supply voltages from a total supply of 9V to 36V. 
When operating at supplies of +5.0V or less, IReEF< 
1.0mA is recommended. Low reference current 
operation decreases power consumption and 
increases negative compliance, reference ampli- 
fier negative common mode range, negative logic 
input range, and negative logic threshold range; 
consult the various figures for guidance. For 
example, operation at -4.5V with Iperf = 2mA is not 
recommended because negative output compli- 
ance would be reduced to near zero. Operation 
from lower supplies is possible. However, at least 
8V total must be applied to insure turn-on of the 
internal bias network. 


Symmetrical supplies are not required, as the 
DAC-08 is quite insensitive to variations in supply 
voltage. Battery operation is feasible as no ground 
connection is required. However, an artificial 
ground may be used to insure logic swings, etc. 
remain between acceptable limits. 


Typical Applications 


MSB 


Power consumption may be calculated as follows: 
Pg = (I+) (+Vs) + (I-) (-Vs) + (2 IREF) (-Vs). A 
useful feature of the DAC-08 design is that supply 
current is constant and independent of input logic 
states; this is useful in cryptographic applications 
and further serves to reduce the size of the power 
bypass Capacitors. 


Temperature Performance 


The nonlinearity and monotonicity specifications 
of the DAC-08 are guaranteed to apply over the 
entire rated operating temperature range. Pull 
scale output current drift is typically +10ppm/ “C. 
with zero scale output current and drift essentially 
negligible compared to 1/2 LSB. 


The temperature coefficient of the reference 
resistor Ry4 should match and track that of the 
output resistor for minimum overall full scale drift. 
Settling times of the DAC-08 decrease approxi- 
mately 10% at -55°C; at +125°C an increase of 
about 15% is typical. 
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lo + Ip = Iks For All Logic States 


IFS = 
RREF 


TTL Operation, 
Typical Values Are: 
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Figure 1. Basic Positive Reference Operation 
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Typical Applications (Continued) 


© +VReEF 


IReF = Peak Negative Swing of lin 


+VReF  Rrer 


Rrer ~ R15 


R15 
(Optional) 


High Input 
Impedance 


+Vper Must be Above Peak Positive Swing of Vin 
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Figure 2. Accommodating Bipolar References 
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Note: Rrer sets Irs: R15 is for bias current cancellation. 
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Figure 4. Basic Negative Reference Operation 
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Figure 3. Recommended Full Scale 


Adjustment Circuit 
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Figure 5. Basic Unipolar Negative Operation 


Section 6 


DAC-08 


Typical Applications (Continued) 
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Figure 6. Basic Bipolar Output Operation 
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Figure 7. Offset Binary Operation 


Rt 


0 to +les 6 Ry 
299 
— Irs = .__ IReF 
256 
For complementary output (operation as a negative logic DAC), 
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Figure 8. Positive Low Impedance Output Operation 
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Typical Applications (Continued) 


Eo 
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IFS = cal I109REF 
206 


For complementary output (operation as a negative logic DAC), 
connect non-inverting input of Op-Amp to Io (pin 2); connect Ig 
(pin 4) to ground. 
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Figure 9. Negative Low Impedance Output Operation 
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Figure 10. Interfacing With Various Logic Families 
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Settling Time 


The DAC-08 is capable of extremely fast settling 
times, typically 85nS at IRer = 2.0MA. Judicious 
circuit design and careful board layout must be 
employed to obtain full performance potential 
during testing and application. The logic switch 
design enables propagation delays of only 35nS 
for each of the 8 bits. Settling time to within 1/2 
LSB of the LSB is therefore 35nS, with each 
progressively larger bit taking successively longer. 
The MSB settles in 85nS, thus determining the 
overall settling time of 85nS. Settling to 6-bit 
accuracy requires about 65 to 70nS. The output 
Capacitance of the DAC-08 including the package 
is approximately 15pF; therefore the output RC 
time constant dominates settling time if Ri > 
5000. 


Settling time and propagation delay are relatively 
insensitive to logic input amplitude and rise and 
fall times, due to the high gain of the logic 
switches. Settling time also remains essentially 
constant for Iperf values down to 1.0mA, with 
gradual increases for lower Iperf values. The 
principal advantage of higher Ip_er¢ values lies in 
the ability to attain a given output level with lower 
load resistors, thus reducing the output RC time 
constant. 


DAC-08 


Measurement of settling time requires the ability 
to accurately resolve +4.0uA, therefore a 1.0kQ 
load is needed to provided adequate drive for 
most oscilloscopes. The settling time fixture uses 
a cascode desigri to permit driving a 1.0kQ load 
with less than 5.0pF of parasitic capacitance at the 
measurement node. At IRer values of less than 
1.0mA, excessive RC damping of the output is 
difficult to prevent while maintaining adequate 
sensitivity. However, the major carry from 01111111 
to 10000000 provides an accurate indicator of 
settling time. This code change does not require 
the normal 6.2 time constants to settle to within 
+0.2% of the final value, and thus settling times 
may be observed at lower values of Iperf. 


DAC-08 switching transients or “glitches” are very 
low and may be further reduced by small capaci- 
tive loads at the output at a minor sacrifice in 
settling time. 


Fastest operation can be obtained by using short 
leads, minimizing output capacitance and load 
resistor values, arid by adequate bypassing at the 
supply, reference and V\c terminals. Supplies do 
not require large electrolytic bypass capacitors as 
the supply currerit drain is independent of input 
logic state; O0.14F capacitors at the supply pins 
provide full transient protection. 
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Typical Applications (Continued) 
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Figure 11. Settling Time Test Fixture 
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DAC-10 

10-Bit High Speed 
Multiplying D/A 
Converter 


Features 

@ Nonlinearity to 0.05% max over temperature 
range 

@ Low full scale drift — 10ppm/°C 

@ Wide range multiplying capability — 1.0MHz 
bandwidth 

@ Wide power supply range — +5.0V/-7.5V to 
+18V 

@ Two quadrant multiplying 

® High output compliance 

B® High speed — 85nS 


Applications 

@ A/D converters 

@ Servo controls 

@ Waveform generators 

@ Programmable power supplies 
@ High Speed Modems 


Description 

The DAC-10 is a high speed, 10-bit, monolithic, 
multiplying Digital-to-Analog Converter. Settling 
times of 85nS are achieved with low power con- 
sumption and minimal output glitches. Full scale 
(10-bit) accuracy is achieved. The DAC-10 can 
be operated from almost any logic level input 
due to its adjustable (Vic) threshold. Mono- 
tonicity is guaranteed to 10 bits and non- 
linearities of +0.05% are guaranteed over the full 
operating temperature range. Power consump- 
tion can be reduced to 85mW by lowering 
supply voltages to +5.0V to -7.5V. Operation at 
supply voltages up to +18V does not appreciably 
affect device performance. Zener-Zap trimming 
is performed at wafer probe to optimize the 
converter’s accuracy. 
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Connection Information 


18-l_ead 
Hermetic Dual In-Line 
(Top View) 


= 
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Function 
Vic Trim 


1 
2 
3 
4 
o 
6 
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8 
9 


Bi0 LSB 
+Vs 
VREF(+) 
VREF(-) 
Comp 
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Absolute Maximum Ratings 


Operating Temperature Range 


DAG=I0BD. GD) cwswsiewcens -55°C to +125°C 

DAC-10FD, GD .............. 0°C to +70°C 
Storage Temperature 

PONGG: ¢2sa<crecaoeusesecs -65°C to +150°C 
Lead Soldering 

Temperature (60 Sec) ............. +300° C 
Supply Voltage (+Vs to -Vs) ............ +36V 
LOOIC INOUNS 22 904-4055 040s -Vs to -Vs plus 36V 
Vie 4 cuseeuccasusgeeseekesehoaie -Vs to+Vs 
Analog Current Outputs .......... -Vs to +Vs 
Reference Inputs (Vig to Vi7) ...... -Vs to+Vs 
Reference Input Differential 

VOlHade (V6 10 Viz) «nse ves des axeeus +18V 
Reference Input Current (l46) .......... 2.5mMA 
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Ordering Information 


Pack- Operating 
Part Number age Temperature Non- 
Range linearity 
DAC-10FD 0°C to +70°C +0.05% 
DAC-10GD 0°C to +70°C +0.01% 


DAC-10BD D -55°C to +125°C 
DAC-08BD/883B -55°C to +125°C 
DAC-08CD -55°C to +125°C 
DAC-08CD/883B -55°C to +125°C 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
D =18-lead ceramic DIP 

Contact a Raytheon sales office or representative for 
ordering information on special packagefemperature 
range combinations. 


Thermal Characteristics 


Ceramic DIP 
175°C 
coo 
(2070 


For T, >50°C Derate at 8.38 mW/C 


Mask Pattern 


Die Size: 94 x 100 mils 
Min. Pad Dimensions: 4 x 4 mils 
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Section 6 DAC-10 


Electrical Characteristics (Vs = +15V; IRE = 2.0mA, -55°C < Ta < + 125°C for DAC-10B, DAC-10C, 
0°C < Ta < +70°C for DAC-10F, DAC-10G. Output characteristics apply to both Ilo and Io unless 
otherwise specified.) 


DAC-10B/F DAC-10C/G 
Parameters Test Conditions | Min | Typ | Max | Min | Typ | Max | Un 


[wonoonity———SSC—=~sSC“‘CSSCdY OY OCT Co] 
PNonioeariy ———S=YSSSSS~SSC*« Ym 
| 


Output Voltage Full Scale Current 
Compliance Change < 1 LSB 
Gain Temperature 

Veer = 10.000V 
Full Scale Current ee Air= 5.000k 


Full Scale Symmetry 
Zero Scale Current naan 


Reference Input 


Power Supply Sensitivity 
Positive +4.5V <+Vs < +18V 


Negative -18V < -Vs < -10V 


Supply Current 
Positive 


3 


05 | [oor] 05 | A 


=) 
© 
=k 


i) 
om) 
— 


a pe papa 


Vs = +15V 

Iper = 2.0MA 

Vs = +5.0V/-Z5V; 
lRer = 1.0mMA 


Vs = +15V 
lIRer = 2.0MA 


Vs = +5.0V/-Z5V; 
IRer = 1.0mA 


Negative 
Positive 


Clo 
on) — ho 2 | < 
co | Co wo o|1s 

Rh | — 


(ce) CO ww 
' —s 
nn 


Negative 


Power Consumption 


Logic Input Levels 
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Vic = 0 


x. ie) 
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©o ro) 
| no 


Logic Input Currents 
Low 


2 ie < ge < +0.8V 
+2.0V < Vin < +18V 


| Nh 
DO 
(oe) 
—h 
NO 
~ 
L@>) 
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Note: Guaranteed by Design. 
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Electrical Characteristics (Vs = +15V; IRE = 2.0mA; Ta = +25°C, unless otherwise noted. Output 
characteristics apply to both Io and Io.) 


oacsoe/c/F | AIO 
Parameters Test Conditions | Typ | Max | Min | Typ 


Differential Nonlinearity Be 


Output Voltage Full Scale Current 
Veer = 10.000V, 
Full Scale Current Rig = Riz = 5.000k0 3.996 | 4.014 | 3.956 3995 4. 


Par [aoa 
Peoscaeturen «| SS~wCS~ir || 


All Bits Switched 
ON or OFF 

Settle to 0.05% of FS 
See Note 


Output Capacitance ee 
Propagation Delay Ry = 5.0kO, 


Note: Guaranteed by Design 
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Typical Performance Characteristics 


True and Complementary 
Output Operations 
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Power Supply Current vs. -Vs 
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Power Supply Current (mA) 


Power Supply Current (mA) 
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Power Supply Current vs. +Vs 
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Power Supply Current vs. Temperature 
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Propagation and Settling Time 


Propagation delays from logic input to analog 
outputs are typically less than 35nS. Settling 
times and propagation delays are relatively in- 
sensitive to logic input amplitude, power supply 
voltage or reference current. However, larger 
reference currents allow for the use of smaller 
output resistors. This reduces the degradation 


VIN 
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51 ~ 
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TTT i 
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of speed that occurs due to the DACs output 
Capacitance. 


The settling time circuit (Figure 1) yields the 
optimal settling time that can achieved (85nS). 
However, in real applications the ‘settling time 
will be somewhat degraded from ideal. The 
following applications indicate circuits and set- 
tling times for commonly used applications. 


VLOAD +15V 
® ) 
— = 
= HP5082 
2.5K 4 
2N918 
aie O +0.75V 
Minimum 
Capacitance . 10uF 0.1uF 
HP5082 Ld 
100 
CS) Vo 


65-00470B 


Figure 1. Settling Time Test Fixture 
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Applications 
Output Currents 


The analog output currents consist of both true 
and complemented output sink currents. The sum 
of the true and complemented currents is always 
equal to the fuil scale output current. Full scale 
output current (Irs) is related to the input reference 
current by the equation: 


les = 1023/1024 x 2lper 


Input coding of either positive true binary or 
complementary binary is allowed. The difference 
of the two output currents is a linear function of 
the binary input. This feature results in some 
useful DAC applications where differential out- 
puts are desired, such as differential line driving 
or digital offset nulling of op amps. 


input Reference 


The output current of the DAC-10 is the product of 
the binary input and the input reference current. 
The output current is twice the input reference 
current, defined by the equation: 


lo = D/1024 x 2lrRer 


Where Ir_r is the input reference current into pin 
16 and D represents the value of the binary input. 


The voltage reference may either be postive or 
negative. A positive reference is used to force 
current into pin 16 through bias resistor R16. A 
negative reference is used to force the voltage at 
pin 17 negative. The high gain reference amplifier 
will cause pin 16 to follow pin 17 and again force 


B1 B2 B3 B4 BS B6 B 


7 B8 B9 B10 


Current into pin 16. The bias resistor is always the 
resistor in series w th pin 16 even when a negative 
reference is used. Either pin 16 or pin 17 may be 
offset to accommcdate bipolar references. 


Noise from the reference supply is reflected into 
the output. Since the noise output of a reference is 
directly proportional to bandwidth, the bandwidth 
must be restricted. A center tapped bias resistor 
serves as a simple one pole roll-off filter to 
minimize the effects of wideband noise. A +5V 
regulated voltage is recommended, with the bias 
resistor to pin 16 split into two equal resistors 
having the junction bypassed to ground with a 
0.25uF capacitor. A typical +5V bandgap reference 
(REF-02) puts out a wideband noise voltage of 1 to 
2MVp-p at the full 10MHz bandwidth. For a 
multiplying DAC this voltage is transmitted directly 
to the output such; that, for a +5V output system 
(LSB = 5.0mV) this amount of noise is significant. 
The simple filter suggested here restricts the noise 
bandwidth to 1/4RC. For a bias resistor of 1.25kQ 
and a bypass capacitor of 0.25uF the noise 
bandwidth can be reduced to 800Hz and the noise 
voltage reduced to approximately 80uVp.p, a 
significant reduction. The +5V TTL supply should 
never be used for a DAC reference. 


High Speed Multiplying Applications 


For high speed multiplying applications the 
transient behavior of the input reference amplifier 
deserves special consideration. The reference 
amplifier is compensated with a capacitor from 
pin 18 to the negative supply. The size of this 


araeasenasenoTeaBHDT0] Wy 
14111114114 1 | +4995 | 


000000000 1 | 4.985 | 
000000000 0 | -4.995 | 
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Figure 2. Bipolar Operation 
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capacitor is a function of the equivalent driving 
impedance to pin 16. The larger the driving 
impedance, the larger the capacitor that is 
required to maintain an adequate phase margin. 
Although exact mathematical models of the 
compensated reference amplifier are somewhat 
involved, it has been established empirically that 
the compensating capacitor should never be 
smaller than 15pF per kQ of driving impedance. 


Finally, for a driving point impedance less than 
800 the compensating capacitor is no longer 
required. The Pulsed Reference Operation panel 
shows how to compute driving point impedance 
Req. In general the smaller Req the faster the 
response. The output current will slew at 6.0mA 
per wS when no compensation capacitor is 
required. 


| +Vper 1023 
Re Bree 1024 
_ MSB LSB 
lo + lo = Irs For B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 
All Logic States —D0O00Q0 00 00 O° 
RReEF 5 16 17 78 {9 410 411 | 12 113414 
(R16) 16 
+VREF O ° 4 9 Io 
lRee 
R17 7 DAC-10 
@ 9 ° To 
sy 
_y 3 C 18 15 1 For Fixed Reference 
SQ Cc OComp O +Vs TTL Operation Typical 
Values are: 
si Vrer = +5.0V 
Ap 0.1uF Rrer = 2.5K 
= i} a ee ee 
~15V +15V Mic oe 


Vic = OV (Ground) 


65-00464A 


Figure 3. Positive Reference Operation 


DAC-10 


Note: Rrer Sets Irs, R17 is for 


Bias Current Cancellation, 


so R17 may be 5% Tolerance. 
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Figure 4. Negative Reference Operation 
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Rrer = R17 
RReF 


R17 


(Optional) DAC-10 


VIN eee 


—> 
High Input 
Impedance 


+Vper Must be above Peak Positive Swing of Vin 


65-00466A 


Figure 5. Providing Offsets to Accommodate Bipolar References 


65-00467A 


Figure 6. Input Reference Noise Limiting Filter 
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RREF 


Typical Values: 


Rin = 1.0KQ 
+Vin = 2.0V 
Rea = 


Optional Resistor 
for Offset Inputs 


65-00468A 


Figure 7, Pulsed Reference Operation 


Analog-to-Digital Conversion 


Successive approximation is a logical method of 
measuring an analog quantity using binary 
weighted approximation. For example, to mea- 
sure an unknown weight using a balance scale, 
the weight is placed on one side of the balance 
and counterweights are placed on the other side 
until the scale is balanced. The number of “trials” 
is made equal to the number of counterweights by 
starting with the heaviest counterweight first, and 
either retaining it or rejecting it based on a 
comparison with the unknown weight. This 
process is repeated for each weight from heaviest 
to lightest until all weights have been tried. 


By interfacing the DAC-10 with a commercially 
available successive approximation register (SAR) 
such as the DM2504 (Figure 8), an analog-to- 
digital converter (ADC) can be built. The DM2504 
register operates as follows. 


The register is reset by holding the S (Start) input 
low during a clock (CP) low-to-high transition. 
After S is brought back high, the MSB output 
(Q11) will be set low and all the remaining register 
outputs (Q10 - Q12) will be set high, providing a 
trial binary number for the DAC. This binary 
number (0111111111) causes the DAC to generate 
an output current (Ilo) which is one half of the full 
scale output. 


Raytheon 


lo is constantly being compared to a current lyn. 
lin is generated by the analog input voltage (I)jy = 
Vin/Ra). If the first trial number generates an lo 
greater than l)jy, then the comparator sends a 
logical zero signal to the SAR. On the next clock 
low-to-high transition the logical zero is latched 
into the MSB (Q11) output of the SAR. If the first 
trial number generates an Io less than Ijj, then the 
comparator output will be high, and a logical one 
will be latched into the MSB output. This is a 
decision making process where the circuit deter- 
mines, bit by bit, whether the code present on the 
SAR digital outputs is proportional to the input 
voltage. After the MSB is latched, the circuit will 
go through the same decision making process for 
the next most significant bit, deciding whether it 
should be latched high or low. The process is 
repeated successively for each bit until the least 
significant bit is latched. At this time control logic 
in the SAR will stop the conversion and signal 
completion by bringing the QCC output low. The 
Circuit will then stay in its latched output state until 
conversion is again initiated by the start input. 


Since a bit is decided for each clock low to high 
transition the maximum time needed for a com- 
plete conversion will be equal to twelve clock 
cycles. As each bit is generated it is also latched 
into the Do output so that Do can be used as a 
serial output. The last two bits will be invalid data 
because this system uses a 12 bit SAR and a 10 bit 
DAC. 
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Figure 8. 10-Bit Successive Approximation A/D Converter 


Output Voltage Compliance 


The DAC-10 will operate over a wide range of 
supply voltages. However, the minimum negative 
output voltage is a direct function of the full scale 
output current and the negative supply voltage. 
Output voltage compliance range is the maximum 
voltage change from which the lo and Io can sink 
current. The minimum negative output voltage 
(Vs-) can be computed by the equation: 


Voc- = (-Vs) + 0.5les + 2.6V 
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where Voc- is in volts and full scale current Irs is 
in milliamps. For instance Voc- will be equal to 
-10.4V when -Vsg = -15V and Irs = 4mA. Voc 
(positive or negative) does not vary significantly 
over temperature. The maximum positive output 
voltage (Voc+) has no theoretical limitations except 
for device breakd2wn phenomena. For -Vs =-15V, 
les = 4mA, Voc is +10V. The full scale current will 
typically change less than 1 LSB over this output 
range. 
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+15V -15V 


DAC-10/OP-37 Settling Time 
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Figure 9. Settling Time Using OP-37 
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Digital inputs 
VIN 
O) 


+5.0V en 


@ 
VREF 


@ ® 
+15V -15V 


DAC-10/OP-27 Settling Time 


F.S. Settling Time 
(\P-27 (OV to 10V) 


Vin = 
2.0V/Vertical 
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Figure 10. Settling Time Using OP-27 
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Figure 11. Settling Time Using RM4531 
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Digital Inputs 


+5.0V 


1.25K 


+15V -15V 


DAC-10 with 1.25K Resistive Output Settling Time 


1.25K.2 
Resistor 


0.05% FS 
0.1% |-S 


(5.0V to 5.0mV) 


VIN 
2.0V/Vertical 
Division 


Full Scale 


Vout 
5.0mV/Vertical 
Division 


200nS/Horizontal Division 
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Figure 11. Settling Time Using 1.25kQ Resistor Output 
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Logic Inputs 


By programming the Vic pin the DAC-10 can be 
made to interface with most logic families. The 
logic threshold voltage is approximately +1.4V 
above Vic. Thus when Vic = 0 the DAC-10 will 
interface with TTL logic; for other logic families 
Vic must be programmed accordingly. Note that 
Vic must be obtained from a low impedance 
source. Low impedance can be provided by a 
0.1uF capacitor bypass (see Figure 12). 


Output Glitches 


The DAC-10 is designed for minimal output glitches. 
However, a further reduction of output glitches is 


VtH = Vic +1.4V 
+15V CMOS 
VtH = +7.6V 
TTL +15V 
VtH = +1.4V 
9.1K 
To Pin 1 
1 
Y Vic 


possible, at a slight sacrifice in settling time, by 
installing small capacitors at the Io/Io outputs. 


Full Scale Adjustment 


Full scale trimming is sometimes required to 
compensate for resistor or voltage reference 
tolerances. If a potentiometer is used in series with 
pin 16 the performance of the DAC may be 
degraded by the temperature coefficient of the 
potentiometer. A preferred method of trimming is 
to use the potentiometer as a voltage divider to 
bias pin 17. With this method the temperature 
coefficient of the potentiometer has little effect on 
the circuit since Iperf expands on the tracking of 
the two resistor halves rather than the absolute 
value (See Figure 13). 


65-00475A 


Figure 12. Interfacing With Various Logic Families 
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Figure 13. Recommended Full Scale Adjustment Circuit 


Basic Operation 


Resistive terminations can be used to demon- 
strate basic operation of the DAC-10. 


MSB LSB 
B1 B2 B3 B4 BS B6 B7 B8 B9 B10 Vo 


Full Scale 


Half Scale +LSB} 1 0 


Half Scale -LSB | 0 1 
Zero Scale +LSB/ 0 0 


Zero Scale 


+5.0V 


MSB LSB 
B1 B2 B3 B4 BS B6 B7 B8 B9 B10 


Pos Full Scale 


Pos Full Scale -LSB 
Zero Scale +LSB 


Figure 15. Basic Bipolar Output Operation 
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Offset Binary Operation 


By feeding the inverting terminal of the output 
Op amp a Current equal to Iperf offset binary 
operation may be implemented. 


2.9K 2.5K 


LSB 
B8 B9 B10 


MSB 
B1 B2 B3 B4 BS B6 B7 
ome 


Pos Full Scale 


Neg Full Scale+1LSB} 000000000 1 
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Figure 16. Offset Binary Operation 


Simplified Schematic Diagram 
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Features 


@ Complete — 
High speed op amp for voltage output 
Precision trimmed thin film resistors 
Voltage reference — buried zener, 10 ppm/°C 
typical 
Input latches for microprocessor compatibility 
Internal ac compensation 


@ Accurate — 
Nonlinearity — less than 1/4 LSB 
Differential Nonlinearity — less than 1/2 LSB 
Monotonicity guaranteed over temperature 
range 


@ High speed — 
Settling time — 250 nS (current output) 
Settling time — 2 uS (voltage output) 


@ Versatile — 
High compliance, complementary current 
outputs 
Input codes — binary, complementary binary, 
offset binary, complementary offset binary 
Voltage output ranges — 0 to +10V, 0 to 
+5V, +2.5V, +5V, +10V 
Direct interface to major logic families 


DAC-4881 


Direct interface to 8- and 16-bit busses 
Operates with +12V to +15V supplies 
Low power dissipation — 350 mW 


@ Monolithic 
@ Metal/ceramic package 
® 883B processing available 


Description 


Raytheon’s DAC-:4881 is a “complete” 12-bit 
digital-to-analog converter. All of the functions 
needed for a D/A conversion system have been 
included on a sirgle chip: a precision 12-bit D/A 
converter (laser trimmed to better than 0.006% 
nonlinearity), a buried Zener voltage reference 
(10 ppm/ °C drifi), a high speed, high accuracy 
current-to-voltage Conversion amplifier (2 uS 
settling time, 200 uV offset error), laser trimmed 
temperature tracking application resistors, and 
microprocessor interface latches (50 nS logic 
time). 


The heart of the device is a 12-bit interdigitized 
laser trimmed resistor ladder network. The DAC 
is supported by « low noise Kelvin anode buried 
Zener 10V voltag2 reference, by a high speed 
interface amplifier which uses slew enhance- 
ment to increase speed without degrading 
accuracy, and by a switch and latch circuit 
(single buffered, not double buffered, to improve 
data throughput vates) which are integrated as a 
cell to improve microprocessor interface time 
while simultaneously improving the die size. 
This high level of integration and performance 
makes the DAC-4881 an ideal choice for micro- 
processor interface applications as well as 12-bit 
high performance applications. For an IC suit- 
able for 8-bit applications, please refer to the 
DAC-4888 data sieet. 


The DAC-4881 is available in three performance 
grades. The DAC-4881B is specified over the 
-55°C to +125°C temperature range while the F 
and D grades are specified over the 0°C to 
+70°C temperature ranges. All three grades are 
packaged in a 28-lead side brazed hermetic DIP. 
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Connection Information 


28-Lead Ceramic Side-Brazed 
Dual In-Line Package 


(Top View) 
1 28 
2 27 
3 26 
4 25 
5 24 
8 23 
7 22 
8 21 
9 20 
10 19 
11 18 
12 17 
13 16 
14 15 * 


Note: Package lid ac grounded to -Vg _— 5017308 


Part Number 


DAC-4881FS 
DAC-4881DS 


Operating 
Temperature 


0°C to +70°C 
0°C to +70°C 


S 
S 
S -55°C to +125°C 
S -55°C to +125°C 


DAC-4881BS 
DAC-4881BS/883B 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
S =28-lead ceramic sidebrazed DIP 

Contact a Raytheon sales office or representative for 
ordering information on special packageAemperature 
range combinations. 


Absolute Maximum Ratings 


BUDO VOUAG S evececsiestnacnnascacesiconxbiaiientielamnoint +16.5V 
Logic Input Voltages ................60 -5V to -V, +33V 
[ANG 1, VOMAQES scccassiveiwerienenscananeanaies -SV to +12V 
Reference Input Voltage ................s00+ -V, to +V 

Reference Input Current ...............cceeeceeeeeeees 2mA 


Storage Temperature 


PANGS tepcoucseecavcnretseonenensontous -65°C to +150°C 


Lead Soldering Temperature 


BE OG) saan patrieoe ected cesar ence stenntesseecere +300°C 


4-13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 


Function 
CS 

ADH 

Bit 1 (MSB) 
Input Bits 
Bit 12 (LSB) 
-Vs 

Vout 

Ref In 


+Vs 
Gain Adj 
Ref Out 
ADL 


Thermal Characteristics 


Mask Pattern 


28-Lead 
Sidebrazed DIP 
Max. Junction Temp. 175°C 


Max. P,, T, <50°C 
Therm. Res @ he 


Therm. Res. 6,, 


For T, >50°C Derate at 17 mW/'C 


2000 mW 
15°C/W 
60°C/W 


25 24 232221 20 19 18 


l 


a 


Die Size: 125 <x 181 mils 
Min. Pad Dimensions: 4 x 4 mils 


65-03536A 
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Functional Block Diagram 
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Electrical Characteristics (+Vs = +15V; -Vs = -15V; and T, = +25°C unless otherwise noted) 


4881B/F 4881D 
Parameters 


Typ 
Resolution Full Temperature 


NO TS 
~|2/2 - 
rs ie 
Oo 


ct 
NO 


Bits 
Bits 
L 


Monotonicity Full Temperature 


Linearity Error 3 3/4 
/ 3/4 


0.1 0.4 


op) 


a a 
Sa 
mies 


Se) Se 
=/ 8/9 
ak | ok 
hm] 
a 


| © Oo 

O};N 
© 
ek 


= 


SB 
% of FS 


Differential Linearity Error 
Unipolar Gain Error (ext. ref.)? 


Offset Error 
Unipolar 10V Range (Vzs) 


© 
© 
on 


0.003 | 0.15 |%of FSR 


oO . 
=) 
en) 
oO 
oO 
NO 
On 


Bipolar (Ves+ + Ves_)/2 0.15 0.4 |%ofFSR 
Reference Output 9.950 | 10.000! 10.050 | 9.900 | 10.000! 10.100 V 
Load Regulation — 4.0 mA 0.01 | 0.05 01 %/mA 


Line Regulation — Vs +10% 
Noise’ (0.1 Hz to 1 MHz) 
Referefnce Input Impedance 


Voltage Output Ranges 


External Current 


1.5 


a4 | © 
O;]nN 
M}ao] SO 


< 


OV to HOV, OV to +5V, +10V, +5V, +2.5V 
|| 4s 
1, 


ok 
NO 


= 


—s 

oS 
oo 
Nh 
& 
oO 
“ie 
fo) 


Short Circuit Current to Gnd 
Current Output Full Scale (ext. ref.) 
zero Scale 


00 


3 
> 


6, 
50 


mA 


29 


Impedance in Parallel with 15 pF 


NO 
-) 


afm, 


ee 
a 
ae 


NO 
a 


on 


Compliance +10 


| | 100 | -1.5 


Full Scale Symmetry 
(10V and 20V FSR) 


Voltage Settling Time’ 
10V Change to .01% of FSR 


20V Change to .01% of FSR 
1 LSB Change to .01% of FSR 


Slew Rate 
Current Settling, FS Transition 


Power Supply Sensitivity (ext. ref.) 
+15V +10% 


-15V +10% 


Notes: 
1. Guaranteed by design; not tested. 
2. Trimmable to zero. 


% of FS 


© 
= 4) 3 
Else 


) 

: 
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re 
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Poo | 


2.5 us 


45 
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Electrical Characteristics (Continued) 
(+Vs = +15V; -Vs = -15V; and Ta = +25°C unless otherwise noted) 


4881D 


Power Supply Current 
+iSY 13 13 mA 


Logic Levels: os | | 20 | vi | 


Logic Currents° 


| © 
| oO 
Cll 
— |p 
oOo lo 
o) 
) 
a) 


Data Hi = 5.5V pA 
Data Lo = -0.5V m 
cbits Hi = 5.5V 250 500 250 m 
cbits Lo = -0.5V 30 100 10 

Logic Times’ ° 
Data Setup 100 30 100 n 


30 100 


Data Hold 100 


Propagation Delay® 
Data to Voyt 10V Unipolar 


om 


0.25 


on| 2 w | w 
oO; q|o ro) 
po uk 
oO!1o © 
=> 


oO 
© 


Data to lout 


0.30 


=) 
wo 
-) 


cbits to Vout 
cbits to lout 


Minimum Write Pulse’ ° 100 
Total Gain Drift — Internal Ref.? 
Total Gain Drift — External Ref.2 


Offset Drift 
Unipolar 


=) 


100 


= | 


10 
2 


1o) 
i) 


ppm/°C 


= Bs =e 


ppm/°C 


ppm of 
FSR/°C 
ppm/°C 


3.0 
0 


Bipolar 


Reference Drift 


oe) 
© 


i) 
m|o| a = 
O;}1o!lo MP] oO 


eimai —_ 
ee) 


Notes: 

1. Guaranteed by design. 

2. FSR equals 0-10V; not specified for current output. 
3. Over operating temperature range. 
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Electrical Characteristics (Continued) 
(+Vs = +15V; -Vg = -15V; -55°C < Ta < +125°C for B suffix; Se 0°C < Ta < +70°C for F/D suffix) 


i 
rics 
a 
0 
a 
001 
a 


Reference 
Load Regulation — 4.0 mA 


S 


Current Output Zero Scale 
Full Scale Symmetry % of FS 


Voltage Output 
External Current 


Power Supply Sensitivity (ext. ref.) 
+15V +10% 


-15V +10% 
Slew Rate 


0.01 %AFS 
0.01 %AV 


Power Supply Current 
+ISY 


-ISY 


mr 
PT 
Pa 
For 
fsso| 
= 
ae 
Pf 
ae 
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Typical Performance Characteristics 


Data Set-Up Time vs. Temperature Data Hoid Time vs. Temperature 


Bean 


Ts (nS) 


TH (nS) 
s r=} s 24 


50 0 +50 +100 +150 
Temperature (°C) Temperature (°C) 
Digital Input Current vs. Voltage Logic Threshold vs. Temperature 
5 1.6 
1.5 
z = 1.4 
ao] 
s = Pt tt 
s g 
£ 
5 F 12 
a F144 
1.0 
0.90 
-50 
input Voltage (V) Temperature (°C) 
Control Input Current vs. Voltage Negative Supply Current vs. Supply Voltage 
00 26 


| | Anas 
| TAL +25°C 
AY 


Input Current (uA) 


Isuppty (MA) 
co 8 8 BRB BR GS 


pag P4 +14 +16 +18 +20 


Input Voltage (V) 


Vsupply (V) 
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Typical Performance Characteristics (Continued) 


Positive Supply Current vs. Supply Voltage 


< 
E 
> 
& 
3 
< 
+10 +12 +14 +16 +18 
Vsupply (V) 
Digital Input 


The interface latches are arranged in two sec- 
tions: an 8-bit latch for bits 1 through 8, enabled 
by ADH, and a 4-bit latch for bits 9 through 12, 
enabled by ADL. This 8-bit-4-bit division allows 
easy interface to an 8-bit microcomputer data 
bus using the connection shown in Figure 1. 


B1 B2 B3 B4 BS B6 B7 BS B9 B10 B11 B12 
MSB DAC-4881 LSB 


Byte 1 Byte 2 
MSB «<«— DAC Data LSB XX XX 
X = Don’t Care 


65-1731A 


Figure 1. Typical 8-Bit Data Bus Connection — 
Left Justified Format 


TTL, PMOS or CMOS logic levels from the data 
bus drive the DAC inputs; the logic threshold is 
typically +1.4V. The voltage level at the inputs 
can be high going positive, even somewhat 
higher than the + supply voltage, but can go 
negative only to about -S5V. 
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Reference Input Multiplying Frequency 
Response (Vs 100 mV>.p) 


\ 
CCN Ut 


10K 100K 10M 100M 


Relative Output (dB) 


Input Frequency 


Figure 2 shows a timing diagram for a typical 
8-bit data bus interface. The DAC-4881 appears 
to the microprocessor as two locations in 
memory; the first location for the 8 MSBs and 
the second location for the 4 LSBs. The 
addresses for these two locations can be 
selected by checking the processor's memory 
map for unused spaces, or by using ROM space 
(ROMs will only be enabled by read instruction, 
while the DAC-4881 will only respond to a write). 
Address decoding can be realized by hard wired 
logic gates designed to respond with a low out- 
put or by using a digital comparator IC such as 
a DM8131. If the processor used has double byte 
write instructions with an automatic address 
incrementation then the system can be simpli- 
fied, putting the two addresses consecutively 
and storing the data to be written in a two byte 
stack. 


The sequence in the timing diagram (Figure 2) 
is as follows: first, the R/W line from the 
processor, which is tied to the CS control input, 
goes low to start a write to the DAC-4881. Then 
the address code for the 8 MSBs is sent out on 
the address bus, is decoded by logic, bringing 
ADH low. The 8 MSB latches are now enabled 
and the data present on the data bus will change 
the DAC output. When the ADH line goes high 
again the MSB data is latched in. This sequence 
of write, address, data is repeated for the 4 LSB 
latches, and then the CS input goes high, 
ensuring that the data will stay latched in. 
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Typical 8-bit data bus operation: 
1. Select chip with CS 
2. Write eight most significant bits with ADF 


3. Write four least significant bits with ADL 
4. Latch data in with CS 


Tw = Data write time” 
Ts = Data set-up time” 
Ty = Data hold time* 


*See Electrical Characteristics for specifications 


Figure 2. Timing Diagram 


DAC-4881 


D/A Converters 


SSNS 


Control Inputs 


Figure 3 shows a truth table for the three control 
inputs. Note that minimum durations for these 
signals are required for proper operation (see 
the table of Electrical Characteristics for speci- 
fications of Tw, Ts, and Ty). Tw is the minimum 
low state pulse width to guarantee enabling the 
latch. The data (bit) inputs must also stay in a 
known state for a minimum amount of time, 
both before and after the control signal goes 
high again. The time before the control input 
goes high is Ts, the data set-up time, and the 
time after is Ty, the data hold time. This timing 
is generally created through wait statements in 
the computer program, or with a one shot if 
necessary. 


The specifications for logic current into the con- 
trol inputs seern to imply that the logic driving 
the inputs must have a high output current 
capability, but note that the logic high is speci- 
fied at 5.5V, while the logic threshold is down at 
1.4V. The actual requirement is for the logic to 
supply 15 pA at 2V, which is within the capability 
of CMOS and PMOS. 


If all the control bits are wired to ground then 
the DAC-4881 will function just like a conven- 
tional D/A converter; that is, any data input will 
immediately flow through to the output. 


All inputs disabled — output latched 
All inputs active 
8 MSBs active — others latched 


4 LSBs active — others latched 
All inputs disabled — output latched 


X = dont care 


Figure 3. Control Input Truth Table 


Analog Output 


The heart of the DAC-4881 is a binary weighted 
current source DAC. Refer to the Functional 
Block Diagram. 


The reference amplifier forces the reference 
amplifier input (pin 26, Gain Adjust) to virtual 


Raytheon 


ground (OV). When the +10V reference voltage is 
connected to pin 17 the entire 10V is applied 
across the 10k) reference resistor. The resultant 
1 mA current (10V/10K = 1 mA) flows into the ref 
amp input where it is mirrored and scaled by the 
binary weighted current sources. The scaling of 
these current sources is such that the full scale 
output current is four times the input current; for 
a1 mA reference the full scale output will be 

-4 mA. (Actually, because the code combination 
Starts at all zeros for 0 output full scale is 4 mA 
+1 LSB, which is -3.99902 mA. For a similar 
reason with 3 decimal digits one can only count 
up to 999, not to 1000.) 


Two outputs are provided, Io and Io. The logic 
inputs can be complemented (the sense of 1 
and 0 reversed) by taking the output from Io 
instead of Io. For all zeros at the bit inputs Io 
will be at full scale, -3.99902 mA. If either output 
is unused it should be grounded, and not left 
unconnected. 


An option for bipolar output (both positive and 
negative output currents over the input code 
range — normally both output currents are 
negative — current flowing into the DAC) is pro- 
vided with the bipolar offset resistor between 
pins 17 and 18. For example, what if Io is con- 
nected to pin 18, and Io is also monitored with a 
current meter to ground? The reference voltage 
connected to pin 17 will be applied across the 
bipolar offset resistor, because pin 18 is wired to 
ground through the current meter. This creates 
a 2 mA offset current (10V/5K = 2 mA) which 
adds to the normal output current. So, for all 
zeros at the inputs the output will be +2 mA. For 
all ones at the inputs the output will be at -2 mA 
+1 LSB (-3.99902 mA +2 mA = -1.99902). 


The op amp is provided as a current to voltage 
converter, i.e., it changes the -4 mA output cur- 
rent into a selectable output voltage. When the 
output current is connected to the sum node, all 
of the current will flow into the sum node, and, 
having nowhere else to go, will flow through the 
2.5K span resistors and into the op amp output. 
Feedback holds the sum node at virtual ground 
(OV); the IR drop across the span resistor adds 
to the OV virtual ground to produce a propor- 
tional output voltage at the op amp output. 
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For example, if pin 19 is wired to pin 16, no offset 
resistor used, and full scale current of -4 mA is 
flowing into |, then 4 mA will flow out of the op 


-amp output, through the 2.5K resistor, and into |,. 


4 mA x 2.5K = 10V, So V,,,, will equal +10V. 
Figure 4 shows a table of all the possible combi- 
nations of offset and output ranges. 


Output Range Pin Connections 
(zeros to ones) (always connect 17 to 27) 


OV to +5V 20 to 21, 16 to 19, 21 to 23, 22 to Gnd 
+5V to OV 20 to 21, 16 to 19, 21 to 22, 23 to Gnd 
OV to +10V 16 to 19, 21 to 23, 22 to Gnd 
+10V to OV 16 to 19, 21 to 22, 23 to Gnd 


-2.5V to +2.5V 16 to 19, 18 and 20 to 21, 21 to 23, 22 


to Gnd 
+2.5V to -2.5V 16 to 19, 18 and 20 to 21, 21 to 22, 23 
to Gnd 
16 to 19, 18 to 21, 21 to 23, 22 to Gnd 
16 to 19, 18 to 21, 21 to 22, 23 to Gnd 
16 to 20, 18 to 21, 21 to 23, 22 to Gnd 
16 to 20, 18 to 21, 21 to 22, 23 to Gnd 


-5V to +5V 
+5V to -5V 
-10V to +10V 
+10V to -10V 


Figure 4. Connections for Various 
Output Formats 
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some improvement of settling time can be made 
with the addition of R,,,,, and C, in Figures 6 and 
7. Figure 5 gives a table of values for the various 
output combinations. C, can also be added in ap- 
plications where speed is not critical but output 
noise is. Larger values of C, will overcompensate 
the amplifier, slowing it down, but simultaneously 
integrating out high frequency noise. Noise can 
also be reduced by adding a large capacitor from 
the reference output to ground. 


Output Range: CF Rsum 
OV to +5V 15 pr 10K 
OV to +10V 5 pF 2.5K 
+2.5V 15 pF 3.3K 
OV O pF co 
+10V O pF co 


Figure 5. Component Values for 
improved Settling Time 
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Calibration Procedure: 

1. Set inputs to all zeros 

2. Adjust offset until Voyt equals OV 

3. Set inputs to all ones 

4. Adjust gain until Voyt equals correct full scale value 
*Optional — reduces reference noise 

**Optional — improves settling time (see table for values) 


MSB LSB 
Output Scale Bl B2 B3 B4 B5 BG B7 BB BO BIO B11 BIZ IgimA) IgimA} Vout 


Straight Binary: Positive Full Scale 9.9976 
Unipolar with sleet irg opr geet? > ae ar ea a a kee aa eae 

True Input Code. JOSIE ru stae = bee sie aasinchic iN etlyee an her obser Si enol aaa ide ee 
True Zero Output LSB — 00 0.0024 


Zero Scale. | 0.0000 
Complementary Binary, | PositiveFullScale = =8=8609 0000000 | | 9.9976 
Unipolar with Positive Full Scale — LSB 998 9.9951 
Complementary Input waia-s5 sel canes sions sedipan Dass os eiedoot tact 'catecnsoucpesig Soumsopeesiniel oes Sbeencs 4abag etaseotssonse/batbak boarndpeameunpceeventisasinanes 
Code, True ZeroOutput |ESB + 0.0024 
Zero Scale 0.0000 


Figure 6. Stand-Alone, 0 to -10V, 12-Bit Straight Binary With Gain and Offset Adjust Connections 
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+Vs Rsum** 
500K 9 +Vs 
10K to = 
100K Gain 
J Adjust 10K to 
-Vs 20V a 20 Offset TOOK 
' Adjust 
10V Fi j19 
ae -Vs 
1 uF" -10V to 
+10V 
- | 
| 23 
+10V i | 
Reference i2. > 
| 
l ! 
24| Gnd , 125 Vs 
+V.. 
| L oo 
= 11¢s - | T uF 
| | - y 
15 “YS 
1 LF 
| 
8 , 2 
L =e — MSB ~ ~~ —4 
14-11 14 = LSB 
3 = MSB 
LSB f Calibration Procedure: 
Address Address 1. Set inputs to all ones 
Decode Decode 2. Adjust offset until Voyt equals - full scale 
3. Set inputs to all zeros 
4-Bit 4. Adjust gain until Vout equals - full scale — 1 LSB 
Data Bus “Optional — reduces reference noise 
WR Address Bus *“*Optional — improves settling time (see table for values) 
65-03573B 
MSB LSB - 
Output Scale Bl B2 B3 B4 BS BG B7 BB B9 BIO BII BIZ Io{mA) IplmA) Voyt 
Offset Binary: Positive Full Scale | es a ee ees ee ee 
True Zero Output Positive FullScale—LSB 1111111449 
+ LSB 10000000 0 
Zero Scale 100000000 
- LSB 01141414 1 1 «41 «41 
Negative Full Scale +LSB 00000000 0 
Negative Full Scale 000000000 
2's Cornplement: Positive Full Scale GOT 471 414 4 
True Zero Output 3s 37 sapere | es Sed si uctuaasetees pe eeseetseicacsatvoaen Seiden Arabia che ptiaeaiieqwtt onigiadin oe eseuseine oceans 
MSB Complemented Positive Full Scale—LSB 0 re \ a ; suse | -— | casted eas sap Sonniedneeascabeonncases cae iecitas agin west 
(Bleed InverteratB ly) fF Ee acrumnticsninmstiounis oan one sitet oho oe tins ee niet esinit a a ee, 
Zero Scale 00000000 0 
- LSB 11? FF tt tT 4 
Negative Full Scale +LSB 10000000 0 
Negative Full Scale 100000000 


Figure 7. Microprocessor Interface, 8-Bit Data Bus, =10V to -10V Output With Complementary 
Binary Input (All Zeros Equal - Full Scale) 
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Calibration Procedure: 

Zero scale error is entirely leakage current — no adjustment necessary 
1. Set inputs to all ones 

2. Adjust gain until lo equals correct full scale value 


65-03574B 


Figure 8. Microprocessor Interface, 16-Bit Data Bus, 0 to -4 mA Output With Straight 
Binary Input and External Reference 
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Simplified Schematic Diagram 
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DAC-4888 

8-Bit D/A 
Converter With 
Microprocessor 
Interface Latches 


Features 


® Complete — 
High speed op amp for voltage output 
Tracking thin film resistors 
Voltage reference - bandgap, 25ppm/° C 
Input latches for microprocessor compatibility 
Internal AC compensation 

@ Accurate — 
Nonlinearity - +1/4LSB max. over tempera- 
ture range 
Monotonic - differential nonlinearity +1/3 LSB 
max. over temperature range 

@ High speed — 
Settling time - 150nS (current output) 
Settling time - 1.4uS (voltage output) 

@ Versatile — 
High compliance, complementary current 
outputs 
Input codes - binary, complementary binary, 
offset binary, complementary offset binary 
Voltage output ranges - 0 to +10V, 0 to +5V, 
+2.5V, +5V, +10V 
Direct interface to major logic families 
Direct interface to 4- and 8-bit busses 
Operates with +12V to +15V supplies 
Low power dissipation - 330mW 


D/A Converters 


® Monolithic 
@ Ceramic package 
@ 883B processing available 


Description 


Raytheon’s DAC-4888 is a “complete” 8-bit 
digital-to-analog converter. All of the functions 
needed to build a D/A conversion system have 
been integrated on a single monolithic chip: a 
precision 8-bit current output D/A converter, a 
bandgap voltage reference (+25ppm/°C drift), a 
high speed, high accuracy current-to-voltage 
conversion amplifier (1.4uS settling time, 200uV 
offset error), temperature tracking thin film appli- 
cation resistors, and microprocessor interface 
latches (50nS logic time). 


The DAC is supported by a bandgap reference 
derived from the REF-01 Series Voltage Refer- 
ence, by a high speed interface amplifier which 
uses slew enhancement to increase speed with- 
out degrading accuracy, and by a switch and 
latch circuit (single buffered, not double buf- 
fered, to improve data throughput rates) which 
are integrated as a Cell to improve micro- 
processor interface time while simultaneously 
improving the die size. This high level of integra- 
tion and performance makes the DAC-4888 an 
ideal choice for microprocessor interface appli- 
cations as well as 8-bit high performance 
applications. 


The DAC-4888 is available in three performance 
grades: the “F” and “D” grades are specified 
over the commercial (0 to +70°C) temperature 
range, and the “B” grade is specified from -55° C 
to +125°C. All types are packaged in a 24-pin 
300-mil wide DIP. 
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Functional Block Diagram 
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Connection Information Ordering Information 
Operating 
Part Number Package | Temperature 
Range 
DAC-4888FD 0°C to +70°C 
DAC-4888DD 0°C to +70°C 
DAC-4888BD -55°C to +125°C 
DAC-4888BD/883B -55°C to +125°C 


24-Pin Ceramic 
Dual In-Line Package 
(Top View) 


Function 


Input Bits esc: 
7 oi) /883B suffix denotes Mil-Std-883, Level B processing 
S D =24-lead ceramic DIP 
Vout Contact a Raytheon sales office or representative for 
Ref In ordering information on special package/Aemperature 
Bip Off range combinations. 
10V Span 
=a Absolute Maximum Ratings 
SUDO VOMAOS civcissarccernieteesrnaseisieqeteeens +18V 
Logic Input Voltages ...............:064 -SV to -V, +36V 
I EUIG 15, VOUAG CS sisisscesinsstasamnnscnenanniian -SV to +12V 
Reference Input Voltage ....................6 -V, to +V, 
Reference Input Current ..................sssssssseeee 2mA 
nero Storage Temperature 
FRAG J cassrsersucancesececteenes -65°C to +150°C 
Lead Soldering Temperature 
OOO SC acres iecemececasinste retsndesatesenteioune: +300°C 


Thermal Characteristics 
24-Lead 
Ceramic DIP 
Max. Junction Temp. 1/9 C 
Max. P, T, <50°C 1666 mW 
Therm. Res 6,, 20°C/W 
Therm. Res. @,, 75°C'W 
For T, >50°C Derate at 13.3 mW/C 


22 «621 2019 18 17 16 


a 


“ me 
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Note: Pin numbers are for 24-pin DIP 


Die Size: 125 x 181 mils 
Min. Pad Dimensions: 4 x 4 mils 
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Electrical Characteristics (+Vs = +15V; -Vs = -15V; and T, = +25°C unless otherwise noted) 


DAC-4888B/F DAC-4888D 


Parameters 


Differential Linearity Error 
Gain Error (Ext. Ref.)° 


Min | 
8 
| 8 
ee 
| 
Offset Error a 
Unipolar 10V Range 
a 
6.20 
a 
_ 


a o|-|= 


Bipolar (Ves; + Ves_) + 2 
Reference Output 

Load Regulation — 9.0mA 

Line Regulation — Vs +10% 

Noise! (0.1Hz to 1MHz) 


Reference Input Impedance 


Voltage Output Ranges 


|r 
wl! © 


External Current 
Short Circuit Current (to GND) 
Noise! (0.1 to 1MHz) 

Current Output Full Scale (Ext. Ref.) 
Zero Scale 


4 ow 
nn NO ? 


Impedance in Parallel with 15pF 


as 
in 


Compliance 
Full Scale Symmetry 


Voltage Settling Time’ 
10V Change to .2% FS 


20V Change to .2% FS" 


Slew Rate 
Current Settling, FS Transition’ 2 


Power Supply Sensitivity 
+15V +10% 


-15V +10% 


Notes: 

1. Guaranteed by design. 
2. 1T00.2% FS. 

3. Trimmable to zero. 
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DAC-4888 D/A Converters 


Electrical Characteristics (Continued) 
(+Vs = +15V; -Vs = -15V; and Ta = +25°C unless otherwise noted 


) 
DAC-4888B/F 
Parameters min | Typ | max] min | Typ | Max 
Y 


Power Supply Current 
HS$ 


Logic Input Bits Low 


ae 
>} LP 


Logic Input Bits High 


Logic Currents® 
Data Hi = 5.5V 


Data Lo = -0.5V 
Address control bits Hi = 5.5V 
Address control bits Lo = -0.5V 


| oO = 

C ro) 

On| & aan 
a —s —* 
oO CO | PO 


| © 
-_1| © 
1) © 
a=, 
oO 
t 
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NO 
On 
fa) 
nn 
© 
i) 


ool © 
S18 
=| on 
ole 
ole 
= |} = 
>| L& 


nn ice) 
lon) © 


Logic Times' © 
Data Set-Up 50 ns 


Propagation Delay° 
Data to Voyr 10V Unipolar 
Data to lout 
Address control bits to Voyt 


Address control bits to lout 


S| CO 
O71] cw 
= 
WN 


Minimum Write Pulse! ° 


Total Gain Drift — Internal Reference? ° 


NO Ww 
ale 
Ooliso 
o/s 
3/);3 
—~ Say 
fe) fe} 
GC) | 


Total Gain Drift — External Reference? ° 
Offset Drift 
Unipolar’ 4° 


Bipolar’ °° 


S ols i) 
S a tm ra 
- 
No 
n 
= 
Sp) 


Oo —_—h 
on) (op) 
“TI “Tl 

NS nS 
—= |= 


Reference Drift® 
Linearity Drift’ 2° 
Differential Linearity Drift’ * ° 


S re ro) 
oO 
ho 
on 


rm} w = —| © =1| 
—| =| N “S| oN = 
ao;ao|] © Oo} © So 


a | 
on! ao| © 
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= 
3 
a 4 
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Notes: 

Guaranteed by-design. 

For all DAC codes. FSR equals any voltage range. 
FSR equals +10V; not specified for current output. 
FSR equals 0-10V; not specified for current output. 
Over temperature. 
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Electrical Characteristics (Continued) 
(+Vs = +15V; -Vs = -15V; -55°C < Ta < +125°C for B; and 0°C < Ta < +70°C for F/D) 


DAC-4888B/F 


| Parameters | Min | Typ Max 
Monotonicity | 80 | | 
Linearity Error 


Reference 
Load Regulation — 9.0mA 


Line Regulation — Vs +10% 
Current Output Zero Scale 
| Full Scale Symmetry 


Voltage Output 
External Current 


Power Supply Sensitivity 
+15V +10% 


a] 


-15V +10% 


Power Supply Current 
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-ISY 
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D/A Converters 


Digital Input 


The interface latches are arranged in two sec- 
tions: a 4-bit latch for bits 1 through 4 enabled 
by ADH, and a 4-bit latch for bits 5 through 8 
enabled by ADL. This 4-bit-4-bit division allows 
easy interface to a 4-bit microcomputer data bus 
using the connection shown in Figure 1. 


4-Bit 
Data 
i} Bus 
= 
eS 
4] 5] 6} 7] 8] 


DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 
MSB DAC-4888 LSB 


Nibble 1 Nibble 2 


MSB -—— DAC DATA ———~ LSB 
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Figure 1. Typical 4-Bit Data Bus Connection 


TTL, PMOS or CMOS logic levels from the data 
bus drive the DAC inputs; the logic threshold is 
typically +1.4V. Digital input voltage levels can 
be more positive than the + supply voltage, and 
also negative to as much as 5V below ground. 


Figure 2 shows a timing diagram for typical 4-bit 
and 8-bit interfaces. The DAC-4888 appears to 
the microprocessor as two locations in memory; 
the first location stores nibble 1 and the second 
nibble 2. The addresses for these two locations 
can be selected by checking the processor's 
memory map for unused locations. For 8-bit 
microprocessors the instruction can be written 
as a single byte to a single memory address. 
Address decoding can be realized through hard- 
wired logic gates’designed to respond with a 
low output to the correct address code (AD = 
A°B:C:D-E-:F:G°‘H)orby using a digital 
comparator IC such as a DM8131. 


For a 4-bit processor the first sequence in the 
timing diagram goes as follows: first, the R/W 
line from the processor, which is tied to the CS 
control input, goes low to start a write to the 
DAC-4888. Then the address code for the 4 MSB 
is sent out on the address bus and decoded, 
bringing ADH low. The 4 MSB latches are now 
enabled and the data present on the data bus 
will alter the DAC output. When the ADH line 
goes high again the MSB data is latched in, 
freezing the DAC output. This sequence of write, 
address, data is repeated for the 4LSB latches, 
and then the CS input goes high, ensuring that 
the data will stay latched in. 


The sequence is the same for an 8-bit micro- 
processor, except that the write operation will 
combine ADH and ADL since all the DAC inputs 
are simultaneously presented with valid data. 


Control Inputs 


Figure 3 shows a truth table for the three control 
inputs. Note that minimum durations for these 
signals are required for proper operation (see 
the table of Electrical Characteristics for specifi- 
cations of Tw, Ts, and Ty). Tw is the minimum 
low state pulse width to guarantee enabling the 
latch. The data (bit) inputs must also stay in a 
known state for a minimum amount of time, 
both before and after the control signal goes 
high again. The time before the control input 
goes high is Ts, the data set-up time, and the 
time after is Ty, the data hold time. This timing 
is generally created through wait statements in 
the computer program, or with a one shot if 
necessary. 


The specifications for logic current into the con- 
trol inputs seem to imply that the logic driving 
the inputs must have a high output current 
Capability, but note that the logic high is speci- 
fied at 5.5V, while the logic threshold is down at 
1.4V. The actual requirement is for the logic to 
supply 15yuA at 2V, which is within the capability 
of CMOS and PMOS. 
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4-Bit Processor 8-Bit Processor 


— [setting Time 
Data Input Data Data 
4 MSBs Stable | ste“ 


JeTs(1}f=TH(1)->4 

Data Input Dat 

xa XE se POE sah - 
|-— Twit) —+| kTs@fTH2—| | Ts(3-=feTH(c | 

; 
i | 
|}-— Tw2) —+| 

ADL \ / \ / 
| 


| 


| 


Typical 4-Bit Data Bus Operation: 

1. «Select chip with CS low a 
2. Write four most significant bits with ADH 
3. Write four least significant bits with ADL 
4. Latch data in with CS high 


Typical 8-Bit Data Bus Operation: 

1. SelectchipwithCSlow 
2. Write eight bits with (DH and ADL 
3. Latch data in with CS high 


Tw = Data write time* 
Ts = Data set-up time* 65-1732B 
Ty = Data hold time* 


*See Electrical Characteristics for specifications 


Figure 2. Timing Diagram 


If all the control bits are wired to ground then The reference amplifier forces the reference 
the DAC-4888 will function just like a conven- amplifier input (pin 23, Gain Adjust) to virtual 
tional D/A converter; that is, any data input will ground (OV). When the +6.3V reference voltage 
immediately flow through to the output. is connected to pin 14 the entire 6.3V is applied 
across the 6.3k0 reference resistor. The result- 
CS ADH ADL Result ant 1mA current (6.3V/6.3K = 1mA) flows into 
1 All inputs disabled - output latched the ref amp input where it is mirrored and scaled 
0 All inputs active by the binary weighted current sources. The 
0 4 MSBs active - others latched scaling of these current sources is such that the 
0 4 LSBs active - others latched full scale output current is four times the input 
0 All inputs disabled - output latched current; for a 1mA, reference the full scale output 
X = don't care will be -4mA. (Actually, because the code 
combination starts at all bits zero for 0 current 
Figure 3. Control Input Truth Table output, the full scale current is -4mA +LSB, 
which is -3.98438inA. For a similar reason with 3 
Analog Output decimal digits one can only count up to 999, not 
to 1000. 
The heart of the DAC-4888 is a binary weighted 
current source DAC. Refer to the Functional Two outputs are provided, Io and Io. The logic 
Block Diagram. inputs can be complemented (the sense of 1 
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and 0 reversed) by taking the output from Io 
instead of lo. For all zeros at the bit inputs lo 
will be at full scale, -3.98438mA. If either output 
is unused it should be grounded, and not left 
unconnected. 


An option for bipolar output (both positive and 
negative output currents over the input code 
range — normally both output currents are 
negative — current flowing into the DAC) is pro- 
vided with the bipolar offset resistor between 
pins 14 and 15. For example, what if lo is con- 
nected to pin 15, and Io is also monitored with a 
current meter to ground? The reference voltage 
connected to pin 14 will be applied across the 
bipolar offset resistor, because pin 15 is wired to 
ground through the current meter. This creates 
a 2mA offset current (6.3V/3.15K = 2mA) which 
adds to the normal output current. So, for all 
zeros at the inputs the output will be +2mA. For 
all ones at the inputs the output will be at -2mA 
+1LSB (-3.98438mA +2mA = -1.98438mA). 


The op amp is provided as a Current to voltage 
converter, i.e., it changes the -4mA output cur- 
rent into a selectable output voltage. When the 
output current is connected to the sum node 
(pin 20 to pin 18), all of the current will flow into 
the sum node, and having nowhere else to go, 
will flow through the 2.5K span resistors and 
into the op amp output. Feedback holds the sum 
node at virtual ground (OV); the IR drop across 
the span resistor adds to the OV virtual ground 
to produce a proportional output voltage at the 
op amp output. 


For example, if pin 16 is wired to pin 13, no 
offset resistor used, and full scale current of ~ 
-4mA is flowing into lo, then 4mA will flow out 
of the op amp output, through the 2.5K resistor, 
and into lo. 4mA x 2.5K = 10V, so Vout will 
equal approximately +10V. Figure 4 shows a 
table of all the possible combinations of offset 
and output ranges. 


Output Range Pin Connections 
{zeros to ones} | (always connect 14 to 24 for internal ref) 


0 — +5V 17 to 18, 13 to 16, 18 to 20, 19 to Gnd 

+5V — 0 17 to 18, 13 to 16, 18 to 19, 20 to Gnd 

0 — +10V 13 to 16, 18 to 20, 19 to Gnd 

+10V — 0 13 to 16, 18 to 19, 20 to Gnd 

-2.5V —+2.5V| 13 to 16, 15 and 17 to 18, 18 to 20, 19 to Gnd 
+2.5V — -2.5V} 13 to 16, 15 and 17 to 18, 18 to 19, 20 to Gnd 


=v == DV 13 to 16, 15 to 18, 18 to 20, 19 to Gnd 
+5V — -5V 13 to 16, 15 to 18, 18 to 19, 20 to Gnd 
-10V--+10V | 13 to 17 15 to 18, 18 to 20, 19 to Gnd 
+10V —-10V | 13 to 17 15 to 18, 18 to 19, 20 to Gnd 


Figure 4. Connections for Various 
Output Formats 


Some improvement of settling time can be made 
with the addition of Rsym and Cr in Figures 7 
and 8. Figure 5 gives a table of values for the 
various Output ranges. Cr can also be added in 
applications where speed is not critical but out- 
put noise is. Larger values of Cr will over- 
compensate the amplifier, slowing it down, but 
simultaneously integrating out high frequency 
noise. For most applications the noise produced 
by the reference will be well within acceptable 
limits; however, for noise sensitive applications it 
can be reduced by adding a 1.0uF capacitor 
from the reference output to ground (see Figure 
6). A graph of noise performance with and with- 
out this capacitor is given in the section on 
Typical Performance Characteristics. 


Output Range | Cr] Raum 


OV to +5V 
OV to +10V 


+2 5V 
+5V 
+10V 


Figure 5. Component Values for Improved 
Settling Time 
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3.6 
Without Compensation 
3.0 -_ 
2.4 
“e. 
= 
—E 
5 1.8 
> 1.0uF From Veer to Ground 
i 
0.6 
0 Fe aed ee 
0.1Hz 200 400 600 800 1000 1200 
Frequency (kHz) 
65-02301A 
Figure 6. 4888 Broadband Noise 
6-60 Raytheon 


DAC-4888 D/A Converters 


+Vs 


Gain Y Offset 
10K to 100K 10K to 100K 
-Vs e @ 


200K 
NC 
@ 
15 23 
l. Bipolar Gain 7. 


RM/RC4888 Offset Adjust 20V R | a 


| Ref 
141 In 
C) 


+6.3V 


Reference * Rsum** 


1uF 


| 


i E «\ 
O Fouls 4 Bit Latch 4 Bit Latch 1 [ S 
| a | 1uF 
31 ADR T 
° | 1 
L_ re eee ee ee m_— O_o — — on =e ee J ~ 65- 
= 11=LSB 11-8 7-4 ai 


Calibration Procedure: 

1. Set inputs to all zeros 

2. Adjust offset until Voyt equals OV 

3. Set inputs to all ones 

4. Adjust gain until Voyt equals correct full scaie value 
“Optional — reduces reference noise 

**Optional — improves settling time (see table for values) 


-Vs 


MSB LSB. lpg 
Output Scale DB7 0B6 085 0B4 0B3 DB2 DBI DBO (mA) (mA) Vout 


Straight Binary: | Positive Full Scale 3.999 0.000 9.9609 


Unipolar With | Positive Full Scale - LSB 3.984 0.001 9.9219 
True Input Code. 


True Zero Output | LSB 


ee 
Binary: Unipolar 
with Comple- 010.001 3.984 9.8219 
mentary Input 3.984 0.001 0.0391 
sao man Zero Scale 


Figure 7. Stand-Alone, 0 to +10V, 8-Bit Straight Binary With Gain and Offset Adjust Connections 
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+Vs Rsum** 
200K +Vs 
10K to = 
100K Gain O 
J Adjust - 15 18 10K to 
me pm i a ee oe Sa 100K 
-Vs Bipolar Sum Offset 
RM/RC4888 Offset Node Adjust 
| Ret 
Rad in ia 
1uF* | 
I | 
| 
| +6.3V | 
; Reference | 
; | 
i 
21 | 
. | Gnd 22 +Vs 
+Vs 
= : is F 
eA [es : ; 
os I 
1 ADL | ws 
5 wel 4 Bit Latch 4 Bit Latch wi 
| taf 
M 
1 I 
4 , = 
Li~.~~—~—-— — MSB=" ™ J 
11-8 11 =LSB 65-1734B 


MSB 
Address 
Decode 


LSB 
Address 
Decode 


Address Bus 


a Output Scale 


Offset Binary: | Positive Full Scale 


True Zero 
Output +58 
Zero Scale 


-LSB 


Positive Full Scale 


2's Comple- 
ment: True 
Zero Output 
MSB Comple- 
mented (Need 
Inverter at 
DB7) 


+LSB 
Zero Scale 
-LSB 


Positive Full Scale - 


Negative Full Scale - LSB 
Negative Full Scale 


Positive Full Scale - 


Negative Full Scale - LSB 
Negative Full Scale 


4: MSB 
Calibration Procedure: 
1. Set inputs to all ones 
2. Adjust offset until Voyt equals - full scale 


3. Set inputs to all zeros 


4-Bit 4. Adjust gain until Voyt equals - full scale — 1 LSB 
Data “Optional — reduces reference noise 
Bus **Optional — improves settling time (see table for values) 
MSB LSB Ip Ip 
DB7 OB6 DBS 0B4 D3 DB2 DBI DBO (mA) (mA) Vout 
1 1 #717 14 5° «+4 ~=«-4~«24 += «3.999 0.000 9.9219 
LSB 1 1 #14 #714 #74 +14 ~=141 +0 3.984 0.001 9.8438 
1 0 0 0 C4 0 0 1 2.001 1.992 0.0781 
1 0 0 0 ¢€¢ 0 0 0 0.000 2.000 1.999 
0 1 14 #4 +4 +4 ~=«4 =~ ~«4 += «1.999 2.000 -0.0781 
0 0 0 0 €¢ 0 0 1 0.001 3.984 -9.9219 
0 0 0 0 ¢C¢ 0 0 O 0.000 3.999 -10.000 
0 114 14 14 +4 +14 +14 + «23.999 0.000 9.9219 
LSB O 1 #1 #14 =#14 +14 ~=+14 +O 3.984 0.001 9.8438 
0 0 0 0 0 0 0 +14 2001 1.992 0.0781 
0 0 0 0 0 0 0 0 £2000 1.999 0.0000 
1 1 714 #74 ~=14 ~=«24 ~=«214 = ~«-24+~«=1,999 2.000 -0.0781 
1 0 0 0 0 6 0 1 + 0.001 3.984 -9.9219 
1 0 0 0 0 0 0 0 0.000 3.999 -10.000 


Figure 8. Microprocessor Interface, 4-Bit Data Bus, +10V to -10V Oulput With Complementary 
Binary Input (All Zeros Equal — Full Scale) 
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CJ e 
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Vs e500 ae 10V Ry 16 
@ 1 Yo 14 , In 
i 
3 2 I : 
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L199 ial | 
I Ret 120 —— lout 
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Decode 
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65-1735B 


Calibration Procedure: 

Zero scale error is entirely leakage current — no adjustment necessary 
1. Set inputs to all ones 

2. Adjust gain until lo equals correct full scale value 


Figure 9. Microprocessor Interface, 8-Bit Data Bus, 0 to -4mA Output With 
Straight Binary Input and External Reference 
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Typical Performance Characteristics 


Data Set-Up Time vs. Temperature Data Hold Time vs. Temperature 


Tu (nS) 


Ts {nS} 
5 


50 0 +50 +100 +150 
Temperature (°C} Temperature (°C) 
Digital Input Current vs. Voltage Logic Threshold vs. Temperature 


Logic Threshold (V} 


Input Current (,.A) 


6 5 4 3 2-4 0 1 2 3 
Input Voltage (V) Temperature (°C) 
Control Input Current vs. Voltage Negative Supply Current vs. Supply Voltage 


Input Current (..A) 
Isupply (mA] 
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Typical Performance Characteristics (Continued) 


Reference Input Multiplying Frequency Response 
Positive Supply Current vs. Supply Voltage (Vs 100mV,.») 


= 

ee CATE TIMING LA 
i Ke ; NI 

EA Sol HM LIMIT LN UHI 
Sa ITI 
ice I 
jt ft | 
+12 +14 +16 +18 se 

Vsupply (V} 


Input Frequency 
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DAC Accuracy Over Full Temperature Range 
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05 
0 128 256 
DAC Code DAC Code 
05 05 
Max NL = 0.0054 B Max DNL = 0.0360 @ 192 
4 | FS 
= 00 z 00 pest a Re Mca ite 
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= Min NL = -0.0388 @ 187 5 @ 24 
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05 8 05 : 
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ao 
Max NL = 0.0051 = Max DNL = 0.0410 
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= = 
5 00 5 00 a nannnn Anan nnn ile Aannatannna 
FS = t 
= = : 
E | E Min DNL = -0.0107 
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DAC-4888 Linearity Plots 
> Internal Reference 

> 10V Unipolar Mode 

> +V = +15V, -V =-15V 

> Typical Sample 
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Simplified Schematic Diagram 
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DAC-6012 

12-Bit High Speed 
Multiplying D/A 
Converter 


Features 


@ Differential nonlinearity — 0.012% (13 bits) 
® Guaranteed monotonicity to 12 bits over 
temperature 

Relative accuracy — 0.05% all grades 
Fast settling time — 250nS to +0.5 LSB 
Full scale output current — 4mA 
Complementary current outputs 

Output compliance — -5V to +10V 

Full scale tempco — +10ppm/° C 

Power consumption — 230mW 

Direct interface to all major logic families 
Standard processing without resistor 
trimming 


Description 


The Raytheon DAC-6012 series of monolithic 
Multiplying Digital-to-Analog Converters guar- 
antee differential nonlinearity to better than +0.5 
LSB (0.012%) for the 6012A and +1 LSB 
(0.025%) for the 6012 over the full military and 
commercial temperature ranges. In addition to 
the excellent differential nonlinearity specifica- 
tions, the 6012 series also include many features 
that previously were found in expensive hybrid 
modules or required full use of monolithic thim 
film laser or zener zap trimming techniques. 


The Raytheon DACG-6012 incorporates a seg- 
mented design tec 1nique which reduces the 
requirement for high accuracy resistor ladder 
networks as an integral part of the DAC. The 
DAC-6012 design i structured with a 3-bit seg- 
ment decoder, 5-bit master R-2R ladder DAC 
and 4-bit Slave DAC. This circuit configuration 
actually contains less ladder resistors than the 
traditional R-2R ladder approach as well as effec- 
tively improving the accuracy of the ladder re- 
sistors by a factor of 8. 


The performance of the DAC-6012 is virtually 
independent of suj)ply voltage variations due to 
the inherent nature of its design and processing. 
As an example, the DAC-6012 may be operated 
at any voltage from +4/-10V to +18V with 
minimal effect on the full scale current, DNL, 
relative accuracy end settling time. The 5MQ 
output impedance and -5V to +10V compliance 
range make the DAC-6012 ideal for high speed 
applications where output load resistors can be 
used in place of an output interface amplifier. 


The complementary current outputs of the 
DAC-6012 are use‘ul in symmetrical offset DAC 
applications and A/D converters requiring con- 
stant current loads to ensure significant reduc- 
tion of switching transients. 


In conjunction with the REF-01 and REF-02 
voltage references, and the RC4805 fast pre- 
cision voltage comparator, the DAC-6012 can be 
used as the main lbuilding block in a wide variety 
of data conversion applications. 
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Connection Information Mask Pattern 


20-Lead 
Ceramic Dual In-Line 


(Top View) Function 


in 
, 
2 
3 
4 
5 
6 
t 
8 
9 


1415 16 


65-02064A 


Die Size: 104 x 133 mils 
Min. Pad Dimensions: 4 x 4 mils 


65-00558A 


Functional Block Diagram 


MSB 


e e e e e 
4 5 6 7 9 10 11 12 


Logic Switches 


LSB 
+Vs Vic Bl B2 B3 B4 BS «8686 OB7)SssiBBsCéwts«éwASCé@WYA:SCséB®YAQ 
@ OY) e 
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O 6 O ® O O 
1 2 3 
Decoder 
ae ee ee ee Pe : 
iti ni Simi i minle:..: 


a. |i 
Reference 
14 Amplifier 
VREF(+) Q Current 
IN vp SwitcheslO.) 919.19 19.)9 19) OQ, SIQOIB SLOP? 
15 > ® @ 6 ® @ 6 & O @ 
VREF(-) © 


Bias 
Network 


‘6 a ISEG 9-Bit R-2R 
-Segment D/A Converter 
Comp O Generator 
-Vs @ 


65-00557A 
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Absolute Maximum Ratings 


Power Supply Voltage ..........cccccccsssssrsesenees +18V 
LING WONG ices crssnicansenenndanseday-ceuebicce -5V to +18V 
Analog Current Outputs ................ -8V to +12V 
FISTOTONCO INPUTS Vig Vgc sesrstatesestvicretsones -V, to +V, 
Reference Input Differential 

WONG (V5 55 Vy) accanrastevetcssenssascicemncsc +18V 
Reference Input Current (I, ,) ....-....s0+0 1.25 mA 
Operating Temperature Range 

DAC-6012AMD, MD .............. -55°C to +125°C 

DAC-6012ACN, CN .........ceeeeeeeee 0°C to +70°C 
Storage Temperature 

AaNGG scene punvanaswiecon -65°C to +150°C 
Lead Soldering Temperature 

(GO SOC) sssissceriestavicsondac see eoutraroanene +300°C 


Ordering Information 


Pack- Operating 
Part Number age Temperature 
Range 
DAC-6012ACN 0°C to +70°C 
DAC-6012CN 0°C to +70°C 


DAC-6012AMD D_ | -55°C to +125°C 
DAC-6012MD -55°C to +125°C 
DAC-6012AMD/883B -55°C to +125°C 
DAC-6012MD/883B -55°C to +125°C 


Notes: 


/883B suffix denotes Mil-Std-883, Level B processing 
N = 20-lead plastic DIP 

D = 20-lead ceramic DIP 

Contact a Raytheon sales office or representative for 
ordering information on special package/Aemperature 
range combinations. 


Thermal Characteristics 


20-Lead 
Plastic 


75°C/W 120°C/W 
13.33 mW/°C| 8.38 mW/°C 


20-Lead 


Max. Junction Temp. 
Max. P, T, <50°0 
Therm. Res 9,, 


Therm. Res. 8,, 
For T, >50°C Derate at 
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Electrical Characteristics 
Vs = £15V, IREF = 1.0mA, over the operating temperature range unless otherwise specified) 


( 
ee 


2] ® | Bis 
FC a 
Differential Noniinearity Seiteg ome |_| __pstort —t+$— +0.025] %FS_ | 

a ee 


oe Deviation From Ideal 
ee 
Vrer = 10.000V 
Full Scale Current Ryq = Ry5 = 10.000kKX | 3.967} 3.999 | 4.031 13.935} 3.999 
Ta = +25°C 
| 200m | 00m) | 0001 | so ondursic 
D.N.L. Specification 
. Guaranteed Over 
Output Voltage Compliance Compliance Range -5.0 +10 | -5.0 
Rout > 10MQ Typ. 


Zero Scale Current ee 


sabes To +1/2 LSB, All Bits 
at ON or OFF, Ta = +25°C 
lh 
2 


Propagation Delay — All Bits’ | 50% to 50% 5 
0 


pB 
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an 
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Ee 
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Logic “0” 
ee Eo 
Logic input Curent ‘| Vn-S0vtoxtev | 
Reference CurentRange [| «dO | 
[Reference Bias Current | —=SSSSS*d; CO | 05 | 20. 


R14(eq) = 8000 
Reference Input Slew Rate Co = OpF 


Power Supply Sensitjvity 
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Note: 1. Guaranteed by design. 
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Parameters Test Conditions | Min | Typ 


Power Supply Range 
Positive a 45 


Power Supply Current 
Positive of 
Vs = +5.0V, Vs = -15V 


Negative 


P[-87 
Positive Df 
| Vs = +15V, Vg = -15V | 87 
Negative a -13./ 
Vs = +5.0V, Vs = -15V 234 
Power Dissipation : : P| 234 
Vs=+15V,Vg=-15v | | 291 


6-72 Raytheon 


DAC-6012 


DAC-6012 


D/A Converters 


Typical Performance Characteristics 


Output Current (mA) 


Output Voltage (V) 


Output Current vs. Output Voltage 
(Output Voltage Compliance) 


-Vs=-15v {{ | Inee=1.0mA | 


TJs = 08 a 


Output Voltage (V) 
Output Compliance vs. Temperature 


L Shaded Area indicates 
Permissible Range of 
Output Voltage With: 
-Vg=-15V, IReFS1.0MA. A | | 
For Other -Vs or Iper 
~” See Output Current vs. 
Output pa 2s Curve. 


A 
| I\CLIAUIILAED 7 i i 
27709001772." 


-100 -50 0 +50 +100 +150 +200 


Temperature (°C) 


Reference Amplifier Common Mode Range 


Positive Common Mode Voltage 
= i a is Always +Vs -1.25V. 
E 28 Negative Common Mode Voltage 
= 24 is Always -Vs + 18 + (IpeF x 3kq2). 
a oe | 4 a Dae 
oe a 
; : All Bits On : 
o4 Ll oa i a SG OD 


-14 -10 -6 -2 +2 +6 +10 +14 
Vis Reference Common Mode (V) 


True and Complementary Output Operation 


567A 


8 
8 


(0000 0000 0000) Iner = 1.0mA (1911 1111 1111) 
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Segmented Design Information 


To achieve the linearity necessary to manufacture 
a 12-bit DAC, previously designed 12-bit DACs 
have required the use of high precision trimmed 
thin film resistors arranged in an R-2R ladder 
configuration (Figure 1). The DAC-6012 deviates 
from the traditional design by using a segment 
decoder controlled by bit 1 (MSB) through bit 3. 
Bits 4 through bit 12 (LSB) control a 9-bit master/ 
slave DAC similar in design to the type used 
in the DAC-08 and DAC-10 8-bit and 10-bit DACs. 
The 3-bit segment decoder consists of 8 equal 
current sources of 0.5 IReF each, and a priority 
decoder which determines, through the 3-bit 
code, which one and only one of 8 current 
sources provide the reference current to the 
9-bit DAC and which of the other 7 feed either 
the lo or Io ports (Figure 2). 


As an example, when bit 1 through bit 3 are 
000, the I~ current source is used as the ref- 
erence current for the 9-bit DAC, Ig through 


DAC-6012 


ly go to the Io port. The outputs of the 9-bit 
DAC go to either lo or Ilo depending on the 
code at bits 4 through 12. A major segment 
decoder transition occurs when the code changes 
from (MSB) 000111111111 (LSB) to 001000000000. 


At the transition the I, current source switches 
from the 9-bit DAC to the Io port and the Ip 
Current source switches from Io to become the 
reference current for the 9-bit DAC, which has 
just changed from its full scale current (I, -1 LSB) 
to its zero scale current at the Io port. As the 
input code is increased toward 40954, the output 
of each segment current source is switched from 
lo to become the reference current for the 9-bit 
DAC, and is then switched to lo. 


Monotonicity is guaranteed using this technique 
since the current source that was used as the 
9-bit DAC reference current is then added directly 
to the Io port when the 9-bit DAC changes 
from its full scale to its zero scale current. 


Major { 1000 0000 0000 2.000mA 
6 Carry (0111 1111 1111 1.999mA 


65-00560B 


Figure 1. Traditional R-2R D/A Converter 
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DAC-6012 


JV Na-ZL papocag juawBas ig-e ‘Zz aunBbig 
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Joyes9Uay juawbas 


LELL LLEL LELO -Paysajag apop SA- O 


sayydwy 
ov a0ual3j9y = 


OVO 9-6 


Japo0aq 
quawfias 
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a @ O O O ® @ O O O ° O O 
rag: 11d 01g 69 8d 29 98 Sa i4:| €a ca 1d 
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lout (mA) 


NIL 


PN TTT 
EENGEEEE 


0000 0000 0000 
0001 1111 1111 
0011 1111 1111 
0101 1111 1111 
01414 1114 1111 
1001 1111 1111 
1014 1117 1111 
1407 1411 1114 
1444 :1197 1911 


Digital Input 


Figure 3. lo vs. Code for DAC-6012 


Recommended Basic Connections 


6-76 


TTL 
VtH = +1.4V 


DAC-6012 
Vic 


13 


HTL, CMOS 


Notes: 

1. Set the Voltage “A” to the Desired Logic 
Input Switching Threshold. 

2. Allowable Range of Logic Threshold is 
Typically -5V to +13.5V when Operating 
the DAC on +15V Supplies. 


Figure 4. Interfacing With Various Logic Families 


65-00562A 


65-00564A 
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Recommended Basic Connections (Continued) 


Rt 


DAC-6012 Vo 


Vo = Oto + Ips x Ry 


4095 
| pd 
“ oh FS = Fogg * 4 x IREF 
For Complementary Output (Operation as a Negative Logic DAC), 
Connect Inverting Input of Op Amp to Io (Pin 19); Connect 
lo (Pin 18) to Ground. 65-00569A 


Figure 5. Negative Low Impedance Output Operations 


—>- 


Vo 
DAC-6012 Vo =0to les xX Ry 
RL = 4095 
IFS = Gogg * 4 X IREF 
For Complementary Output (Operation as a Negative Logic DAC), 
Connect Inverting Input of Op Amp to Ig (Pin 19); Connect 
Io (Pin 18) to Ground. 65-00570A 


Figure 6. Positive Low Impedance Output Operations 


VReF(+) 


Vin- > : lo 
RIN DAC-6012 
lo 
= Irer = Peak Negative Swing of lin 
Rrer 
Vrer(+) O lo 
: R15 . 
Rrer = R15 (Optional) DAC-6012 _ 
VIN ey aa lo 
High Input 
Impedance 


Vrer(+) must be above Peak Positive Swing of VIN 
65-00571A 


Figure 7. Accommodating Bipolar References 
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Recommended Basic Connections (Continued) 


RReEF 


DAC-6012 


DAC-6012 
VReF(-) 
‘ | VreF(-) . 
2 ie area 
RReF 
Note: 
Rrer sets Ips: R15 is for a Bias Current Cancellation. 
65-00572A 65-00573A 
Figure 8. Basic Negative Reference Operation Figure 9. Recommended Full Scale 
Adjustment Circuit 
MSB LSE 
Bi B2 B3 B4 BS B6 B7 B8 B9 B10 B11 B12: 
YY © OO Oo Q @ OO OG Oo QO Oo O 
“) 
Race 1 42 13 14 15 {6 {7 [8 [9 {10411412 
(R16) Io 
Vrer(+) © 14 18 ———— 
IREF ———> 
-OU = 
R15 DAC-6012 r 
15 19 A-— 
17 16 20 13 
Cc 0.1uF 
0.1uF sl og For Fixed Reference, TTL Operation, 
Typical Values are: 
\per = +10.000V 
_ Vrer(+) ; 4095 4 | Finer - 10.000K 
a RReF 4096 , = al O-Vs = sO © F'1S = Rrer +5.0% 


Vic Cc = 0.01pF 
\'Lc = OV (Ground) 


lo + lo = I¢s for all logic state. 
65-00574A 


Figure 10. Basic Positive Reference Operation 


VreF(+) V> 


Optional Resistor 
RREF ) for Offset Inputs 


DAC-6012 


Typical Values: 
Rin = 1.0K 

Rp = 4.0KQ 
Vin(+) = 1.0V 


ww 


Rea = 
ee ee No Cap Vo 


oa 
Rin Rp — Ree ees 


Figure 11. Pulsed Reference Operation 
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Recommended Basic Connections (Continued) 


VREF 
2.0mA 


RorF = 


D/A Converters 
RoFF R1 
5.000K 2.000mA 5K 
Vout 
DAC-6012 @ 


B1 B12 
= Optional for 
aN ie {\ 2's Complement he 
Operation 
= O 8 a 
MSB LSB 


Note: Code may be Complemented by Reversing lg and lo. 


Code Format 


Offset Binary 
True Zero Output. 


2's Complement: 
True Zero Output 
MSB Complemented 
(need Inverter at B1). 


Output Scale 


Positive Full Scale 
Positive Full Scale — LSB 
+ LSB 

Zero Scale 

- LSB 

Negative Full Scale +LSB 
Negative Full Scale 
Positive Full Scale 
Positive Full Scale — LSB 
+ LSB 

Zero Scale 

- LSB 

Negative Full Scale + LSB 
Negative Full Scale 


MSB 
Bl B2 B3 B4 BS B6 B7 BS BO BIO Bll BI2 


=]—~;0O:00:07/,.0;0:07 —: —:—4:— 


—_ + ok 


—' ©O: 0: is) oOo:o:;H4;0:0 4%; 


oOo: ao 


LSB 


ton | on | Yr 
3.999 


Qi 
— fe 4 
OQ: a 
(— hee ees 
Qe: 
o:'u 
_: © 


65-00576B 


Figure 12. Bipolar Offset (True Zero) 
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Recommended Basic Connections (Continued) 


R1 
2.5K 


VouT 
DAC-6012 e 


e 
MSB LSB 


Note: Code may be Complemented by Reversing Io and lo. 


Straight Binary; 
Unipolar with 
True Input Code, 
True Zero Output. 


Zero Scale 


Complementary Binary; | Positive Full Scale 


Unipolar with - 
Complementary Input Positive Full Scale — LSB 


Code, True Zero Output.| LSB 
Zero Scale 


65-00577B 


Figure 13. Basic Unipolar Operation 
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Recommended Basic Connections (Continued) 


R1 
2.9K 


V 
DAC-6012 _ 


MSB LSB 


Note: Code may be Complemented by Reversing Io and Ig. 


MSB LSB 
Code Format Output Scale Bl B2 B3 B4 BS B6 B7 B8 B9 BIO Bll Bi2 Vout 


Straight Offset Binary; | Positive Full Scale 
Symmetrical about 


— 


17114114999 71 ~«1~«21 0.000 
0.001 
1.999 
2.000 
3.998 
3.999 


Positive Full Scale — LSB 
(+) Zero Scale 


o:—m: — 
—_—' O:— 
@ 4% at 
Qt = 
o:— 
o:iun 
= 
Oo: — 
o:—_ 
o:—_ 
oO: 


(-) Zero Scale 
Negative Full Scale — LSB 
Negative Full Scale 


Oo 
oO 


oO} o 
—| oO 


1's Complement; Positive Full Scale 
Symmetrical about 

vera: No True Positive Full Scale — LSB 
Zero Output (+) Zero Scale 
MSB Complemented 
(need Inverter at B1). 


—: Oo: © 
— ea — oe 


(-) Zero Scale 
Negative Full Scale — LSB 
Negative Full Scale 


a ee 
Oo: Oo 


65-00578B 


Figure 14. Symmetrical Offset Operation 
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Recommended Basic Connections (Continued) 


12-Bit Fast A-to-D Converter 
Serial 


{| Data Out 


Clock O 
Qt LF LSB 
O) 
@ 
O) 
Hoe : 
Ts | 
aaa of Inpat 
+15V 
° Here a. : 
ptt tt tt O VReF Analog Input 
Ea Pe 4 ° (0-10v) 
5K Ss 
5K 
0.1.uF 10K 
\/ \/ 


-Vs +Vs 
Note: 
Device(s) connected to analog input must be capable of sourcing 4.0mA 
a buffer may be required 


Conversion Time vs Accuracy 


(Worst Case) 
DAC-6012 


4805 Conversion 


Time (nS) Typ 


Accuracy {LSB} 


0 
100 200 300 400 500 600 700 800 


Conversion Time per Trial {nS} 65-00579B 


Figure 15. Fast 12-Bit Analog-to-Digital Converter Application 
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Design and Applications Information 


Logic Input 


The DAC-6012 uses a unique logic input circuit 
which allows the user to interface the 6012 with 
all major logic families. Inputs from -5.0V to 
+10V may be used when using +15V supplies. 
The internal logic threshold is 1.3V nominal and 
must be adjusted for logic families other than 
TTL and 5V CMOS by using the circuits in 
Figure 4. The logic threshold may be adjusted 
over a wide range using the relationship Vty = 
Vic t+ 1.3V. Care must be taken when connecting 
the Vic pin since it typically sinks 3mA. When 
interfacing with ECL a reference current less 
than 1mA is recommended since internal voltage 
compliance problems may exist using negative 
logic threshold voltages greater than -5V with 
a -15V supply. 


Power Supplies 


The DAC-6012 operates over a supply range of 
+5.0V, -10V to +18V when using an IpR_er = 1.0MA. 
Below -10V voltage headroom limitations inside 
the DAC-6012 will reduce output compliance 
to near OV. Operation below -8V will seriously 
degrade the overall linearity of the DAC-6012. 
The positive supply voltage is not critical, and 
voltage between +4.0V and +18V can be used 
since most of the circuitry is used to bias the 
internal logical inputs. 


Reference Current and Amplifier 


The full scale output current (IFs) at the Io port 
is in direct proportion to the reference current 
into pin 14. The relationship is given as Irs = 
4095/4096 IRer x 4 x 4095/4096. When Ir_er = 
1.000mA, Irs = 3.999MA. IReF Can be varied over 
a wide range from 1.0uA to 1.1mA for multiplying 
digital-to-analog converter applications. 


For high accuracy, DC reference application 
Circuits require a high quality voltage reference 


such as the +10V REF-01 or +5.0V REF-02. A 
stable output current free from excess noise, 
supply voltage glitches and temperature varia- 
tions is possible when using a high quality voltage 
reference and a low TC high accuracy source 
resistor. If the reference has a 100ppm/°C TC 
then the output of the DAC will have a similar 
TC due to the reference alone. Standard 3 
terminal voltage regulators used for regulating 
logic or op amp supply voltage are normally 
not accurate enough to be used as a reference 
for 12-bit DAC applications, and therefore are 
not recommended. 


The close relationship between Ies and Iper 
(+0.8% max error) will, in many applications, 
not require adjustment of the source or output 
scaling resistors. If adjustment is necessary, keep 
in mind the TC of many potentiometers is poorer 
than fixed resistors. When using DC references 
it is recommended to split the source resistor 
in two and bypass with a 0.01uF capacitor from 
the junction of the two resistors to analog ground. 
A resistor connected to analog ground from 
pin 15 should have an ohmic value similar to the 
total reference resistor so that reference amplifier 
input bias current effects can be cancelled. 


A negative reference voltage may be used as 
shown in Figure 8. Care must be taken to not 
exceed the negative common mode voltage of 
the reference amplifier. This voltage is given by 
Vom - =-|-Vs| + 1.8V + (IREF xX 3kQ). 


The reference amplifier must be compensated 
with a 0.01uF capacitor from pin 16 to pin 17 
when using a DC reference. For AC reference 
applications refer to Figure 16. The value for Co 
will depend on the value of the unbypassed 
source resistor at pin 14. For pulsed reference 
operation, minimum value source resistors should 
be used. Compensation is not required for source 
resistors less than 8000, resulting in a fast slew 
rate and wide bandwidth for the reference 
amplifier. 
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For AC reference applications, a minimum 
value compensation capacitor (Cc) is normally 
used. The value of this capacitor depends on 
the equivalent resistance at pin 14. The values 
to maximize bandwidth without oscillation 
are as follows: 


Minimum Size 


Reference Amplifier 
Frequency Response 


| eatin of 2.0mA 


| eult Scale Current 


o 
Compensation Capacitor = 
(Ics = 4.0mA, Iper =1.0mA) z 
= 
Rigg ka} | Cc loFl | é 
2 
= Large Signal = 50% 
oc Modulation of 4.0mA 
Frequency (MHz) 
Note: A 0.01,F capacitor is recommended for fixed reference operation. 65006634 


Figure 16. Reference Amplifier Compensation 


Analog Output Currents 


The true (lo) and complemented (Io) outputs 
both sink current. The sum of Io and Io equals 
les for all codes. Complementary outputs are 
useful for driving balanced cables, CRT deflection 
coils and center tapped transformers. The current 
at Io will increase when “1” (true) is applied 
at any logic input and decrease when “0” (false) 
is applied to any logic input. Conversely the lo 
current decreases when a “1” is applied and 
increases when a “OQ” is applied. 


The output compliance voltage of the DAC-6012 
is between +10V to +25V above the -Vs voltage 
and as such is useful in applications requiring fast 
current to voltage conversion since load resistors 
are used in place of an output amplifier. 


lf either output is unused it should be grounded. 
It cannot be left unconnected. 


Settling Time 


Typical full scale settling time to within +0.5 LSB 
for the DAC-6012 is 250nS using an IRer between 
0.5mA and 1.0mA. The full potential of the 
DAC-6012 is realized only through careful PC 


board design. Special care must be taken to 
separate the analog ground from the digital and 
power supply crounds. Connect the grounds 
together at one point near the power supply 
ground. Logic traces must be kept short and 
supply bypassing near the DAC-6012 must be 
generous using a minimum of 1.0uF and 0.01uF 
in parallel. 


If output load resistors are used a pole will be 
created by the 20pF output capacitance of the 
DAC-6012 and the load resistor. To prevent 
degradation of the settling time the load resistor 
must be kept to less than 5001). 


Measurement oi the settling time requires the 
ability to resolve less than +0.5uA. The schematic 
in Figure 17 anc a fast, high resolution oscillo- 
scope (250MHz at 2mV/Div.) are capable of 
measuring settli1g times to less than +0.5 LSB 
at 12 bits (+0.01%). 


The MSB of the [DAC-6012 determines the overall 
settling time of 250nS. If the 6012 is operated 
as a 10-bit DAC by grounding the MSB and 
LSB pins, settliag times of typically 90nS to 
130nS can be achieved. 
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Logic +16V 
(0) Input e 


= ah 


: Y 4.7 uF 
4 18 
10 


ON918 +1% 0.5W int 0.75V 
e 
4 


1N5082 


J 


4 99K DAC-6012 


+1% 


TL L 2100 
0. 
CO) Vo 
4.99K = 
+1% 
+15V 45y 0 —_ 
Figure 17. Settling Time Measurement Circuit 
Settling Time Measurement 3. Adjust the pulse generator (<10nS rise 


time) for a 500KHz square wave. 

4. Adjust pulse generator output amplitude 
so the logic 0 = 0.8V and logic 1 = 2.4V. 

5. Set scope for 100nS/Div. and 2.0mVW/Div. 
and measure time for Vo to fall within 
+2.5mV of the final value after the digital 
inputs change from 0.8V to 2.4V. 


The settling time measurement circuit (Figure 17) 
must be constructed using the same techniques 
used for RF circuits. All component leads must 
be kept short and a very generous ground plane 
used. Coaxial connectors should be used for 
the digital input signal as well as the output. 
1X probes to monitor the input and output should 
be used in conjunction with a high speed 
(>100MHZ) oscilloscope with a vertical resolution 
to at least 2mV/Div. A +0.5 LSB change at the 
output of the DAC-6012 will result in a +2.5mV 
change at Vo. 


B. Set-up procedure — High to low settling 
time measurement. 
1. Adjust the DAC-6012 digital inputs to OV. 
2. Adjust Vioap so that Vo = OmMV +10mV 
(VLoAD will abe about +27V). 


A. Set-up procedure — Low to high settling 3. Repeat steps 3 to 4 above. 
time measurement. 4. Set scope for 100nS/Div. and 2.0mW/Div. 
1. Adjust the DAC-6012 digital inputs to 2V. and measure time for Vo to fall within 
2. Adjust Vioap so that Vo = OmV +10mV. +2.5mV of final value after the digital 
(VLoAD will be about +47V) inputs change from 2.4V to 0.8V. 
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Temperature Considerations 


The DAC-6012 is fully specified for DNL, non- 
linearity, and other major DC parameters over 
temperature. The temperature coefficient (TC) 
of the full scale output current (IFs) is typically 
+8.0ppm/°C drift over the full military tempera- 
ture range. In most cases, parameters external 
to the DAC-6012 will contribute most of the 
errors due to temperature variations. The tem- 
perature coefficient (TC) of the reference voltage 
will cause a directly proportional TC at the output 
of the DAC-6012. Other factors which enter into 
the temperature error budget are the TC of the 
reference (R14) and output scaling resistors. 


DAC-6012 


Ideally it should be sufficient that the two re- 
sistors track each other so that the TC errors 
will cancel. Unfortunately the reference resistor 
power dissipatior: is constant (assuming a con- 
stant reference voltage), therefore, always at a 
constant temperature rise above the ambient 
temperature. The output scaling resistor has a 
power dissipation proportional to the square of 
the output voltage. For a OV output in a 10V 
full scale outpui system the scaling resistor 
dissipates OmW, but at full scale current the 
resistor (2.5kQ)) is dissipating 40mW. If the TC 
of the “matched” source and scaling resistors 
is high enough it can cause a substantial artificial 
error in the relative accuracy. 
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DAC-8565 
Complete High 
Speed 12-Bit 
Monolithic D/A 
Converter 


Features 


@ Nonlinearity 1/2 LSB — 0.012% 

@ Differential nonlinearity — 0.012% (13 bits) 
@ Settles to 1/2 LSB in 300nS 

™ On-chip buried zener voltage reference 

@ Linearity guaranteed over temperature 

@ Low power — 225mW including reference 
@ Direct interface to all major logic families 
@ Inciudes trimmed application resistors 


Highlights 


@ The DAC-8565 is a monolithic 12-Bit DAC that 
has on-board a self-contained voltage refer- 
ence plus application resistors. 


m@ The device incorporates interdigitizing of the 
elements forming the currents of the 3 MSBs 
of the DAC. Interdigitizing minimizes the 
effects of thin film sputtering, thermal, and 
diffusion gradients in the most critical por- 
tions of the design. Excellent tinearity distri- 
butions are achieved prior to trimming, thus 
ensuring optimal stability of nonlinearity over 
temperature, as well as ensuring stability 
versus time. 


@ The thin film resistors have a trim tab which is 
distant from the main body of the resistor. 


Raytheon 


This resistor geometry ensures near perfect 
nonlinearity after trim, and this geometry also 
reduces damage due to laser trimming. 


@ The internal reference is laser trimmed to 10 
Volts with a +1.0% maximum error. The 
reference voltage is available externally and 
can supply 2mA beyond that required for the 
reference and bipolar offset resistors. 


@ The DAC-8565 contains SiCr thin film appli- 
cation resistors which can be used with either 
an external op amp, creating a precision 
voltage output DAC, or as input resistors for a 
successive approximation A/D converter. The 
resistors are inherently matched and are laser 
trimmed to guarantee minimum full scale and 
bipolar offset errors. 


™ The DAC-8565S grade guarantees linearity 
and monotonicity over the -55°C to +125°C 
range and is available fully processed to 
MIL-STD-883, Level B. 


Description 


The DAC-8565 is a fast 12-bit digital-to-analog 
converter. Inside the 24 pin DIP package are all 
of the circuit functions required for a complete 
DAC: a stable zener voltage reference, a refer- 
ence amplifier and resistors, twelve laser trim- 
med binary weighted current sources, twelve 
high speed precision current steering switches, 
and laser trimmed span and bipolar offset appli- 
cation resistors. 


The high performance and flexibility of the 
DAC-8565 are achieved through circuit design 
and layout, SiCr thin film resistor processing, 
and interactive computer-controlled laser trim- 
ming. The DAC-8565 settles to 1/2 LSB in 300nS 
typically, with a maximum settling time of 
400nS. Accuracy is specified at a maximum of 
1/2 LSB for all grades. 
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High speed and accuracy coupled with inherent 
high output impedance make the DAC-8565 the 
ideal DAC for high speed display drivers, high 
speed control systems, and in conjunction with 
the RC4805 high speed latching comparator in 
anlaog-to-digital converters. 


The zener voltage reference is laser trimmed to 
optimize both temperature drift and absolute 
output voltage. Typical reference drift is better 
than 15 ppm/°C (S and J grade). 


The DAC-8565 is available in three perform- 
ance grades. The DAC-8565JS and DS grades 
are specified over 0°C to +70°C, while the SS 
grade is specified over the -55°C to +125°C 
temperature range. 


Connection Information 


24-Lead Sidebrazed DIP 
(Top View) 


Bit 1 (MSB) 


REF Out (+10V +1.0%) [4 
Analog Common 


Reference In 6 | 


Vs 


Bipolar Offset R| 8 


DAC Output 
(-2.0mA F.S.) 


10 Volt Span R 
20 Volt Span R 
Digital Common Bit 12 (LSB) 


65-01617A 


DAC-8565 
Ordering Information 
Operating 
Part Number Package| Temperature 
Range 
DAC-8565DS 0°C to +70°C 
DAC-8565JS 0°C to +70°C 


DAC-8565SS 
DAC-8565SS/833B 


S -55°C to +125°C 
S -55°C to +125°C 
Notes: 


/883B suffix denotes Mil-Std-883, Level B processing 
S = 24-lead small outline DIP 

Contact a Raytheon sales office or representative for 
ordering information on special packageAemperature 
range combinations. 


Absolute Niaximum Ratings 


SUODIY VONAQGS incsasecinassnvecenseadseversieentcnene +18V 
LOGIC DUS vice savnsinneseceanisinixaientnscnsepene -1V to +18V 
Analog Common to 

Digital: COMIUNION siccsariescxncecovannnascastennessaceeas +1V 
Voltage on DA 

OUtUL (PIN D) scececoconccenescensaiannes -3V to +18V 
Reference Input to 

PNAIOG COMMON svccsasincesinasocersssvernitraasceens +12V 
Bipolar Offset “0 

ANAIOG COMMON ssa saaicesercrensassonsnnssacamens +12V 
10V Span R to Analog Common................ +12V 
20V Span R to Analog Common.............+ +24V 
PROVO aisisncniacnesececsives Indefinite Short to Either 


Common, Momentary Short to +V, 
Lead Soldering Temperature 


(60 SOC) ceeccccescccosscccssesccsseccssseccsseeecesees +300°C 


Thermal Clharacteristics 
24-Lead 
Sidebrazed DIP 
175°C 
1042 mW 
60°C/W 
120°C/W 
8.38 mW/C 


Max. Junction Temp. 
Max. P, T, <50°C 
Therm. Res 6,, 


Therm. Res. 8,, 
For T, >5C°C Derate at 
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Functional Block Diagram 


Bip Off R 
Bits 1-12 (8) 
C) 
+Vg 
(3)7 9.95K 
R Bi 
oy Si Span R 
High Speed . 
REF Out 10.000V Switch (11) 
O (4) 
Zener R REF big Dian 
Reference | REF In 19.95K TTY sa ae 
12-Bit D/A Output Span R 
Converter 
(5) 4 20K 
Analog Ri 
GND 65-01616A 
O (7) 
-Vs 
Mask Pattern 
15 
14 
13 
2 | 
11 
10 
9 
4 5 6 7 8 
Die Size: 116 x 133 mils 
Min. Pad Dimensions: 4 x 4 mils eae | 
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Electrical Characteristics (T, = +25°C, +V, = +15V, -V, = -15V, unless otherwise noted) 


Parameters ects DAC-B565S/. DAC-85650 
Min | Typ | Max | Min | Typ | Max | 


Tresohion——SC=~=~“‘“dSSC“‘SNSCC#*OCCY 
a er KA E 
[Nonlearty —are om] [006] =01 ars 


Differential Nonlinearity aoe +.018 | 2007) 018] crs 
Unipolar (all bits on) 
-1.6 | -2.0 | -2.4 | -1.6 | -2.0 | -2.4 


Internal Reference 
: 


(full temperature) 


Bipolar (Figure 2 
= 5020 fixed) 

All Bits On or Off 

(full aineainnen 


Full Scale Current 


|QutputResistance = si 1.0} 10} | Mo | 
Output Voltage Compliance 0m, —— rasp +10 cat Taal 
pasion 


0 ae 
Unipolar Zero Scale 0.001} 0.005 0.002} 0.01 HES 
0 
aes 2 
Settling Time to 1/2 LSB 7 Bits On to 7 
(guaranteed by design) or Off to On V0 400 a) mlm) es 
Full Scale Transition 
. 10% to 90% Plus 
Rise Time Propagation Delay 30 30 
90% to 10% Plus 
Propagation Delay ED EJ P fal |” 
Furemperatuey | |_| 08 at 


‘ultemperaturey | 20] | [20]; | 


coins (eee || |) | ffm 


06 [04 | 05 | 06 | mA 


Fall Time 


Logic Input Levels 
al 0” 


a 8 
Supply Rang ullemperaurey | 85] = [165/135] 15 [165] V_ 


oo ores sierswr6s7 a0] so, [a0] 50 
— Vj 13510165 | | -0| 8] | -0| 18 
[Power Consumption —+| SiSSC«d | EE 
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aeeuee Characteristics (Continued) 


ie | [We | 


Power Supply Sensitivity ost Slat L+V, = +15V, 210% _ an ace fae | a %FS 
eel 


Reference Output Voltage Edema Current 9.9 prot] 97 | 10° 10.3 
Reference Output Current Roce Sete] eta 


External Adjustment 
Gain Error With Fixed 
50 Resistor for R2 


Bipolar Zero Error With 
Fixed 500 Resistor for R1 


Figure 1 


Figure 2 


Resolution 
Enon 


Differential Nonlinearity 


Temperature Coefficients 
Unipolar Zero 


Bipolar Zero 
Differential Nonlinearity 


Gain With Internal Reference 
Gain With External Reference Loo 
r | 


Supply Current 


Raytheon 6-91 


Section 6 


Connecting the DAC-8565 for 
Buffered Voltage Output 


The standard current to voltage conversion 
connections using an operational amplifier are 
shown in Figure 1. If a low offset voltage oper- 
ational amplifier (OP-07, OP-27, OP-37) is used, 
excellent performance can be obtained in most 
applications without trimming. If a fixed 500 
resistor is substituted for the 1000 trimmer of 
Figure 1, unipolar zero will be typically much 
less than +1/2 LSB and full scale accuracy will 
be within 0.1% (0.25% max). Substituting a 500 
resistor for the 1000 bipolar offset trimmer (R1) 
of Figure 2 will give a bipolar zero error typically 
within +2.0 LSB. 


The configuration of Figure 1 will provide a uni- 
polar OV to +10V output range. In this made, the 
bipolar terminal, pin 8, should be grounded if 
not used for trimming. 


Unipolar Configurations 


Step 1 — Gain Adjust 

Turn all bits on and adjust 1000 gain trimmer R1 
until the output is +9.9976 (full scale should be 
adjusted to 1 LSB less than +10.000V). If a 


+10.00V 


Analog 
Com | 


Note: 2009 R1 Recommended for DAC-8565D Grade 


DAC-8565 


+10.2375V full scele is desired (exactly 
2.9mV/bit), insert a 1200 resistor in series with 
the gain resistor at pin 10 to the op amp output. 


In most cases a zero trim is not needed, due to 
the extremely low zero scale output current. Pin 
8 should be connected to pin 9 for unipolar 
operation. 


Bipolar Configurations 


These configurations will yield +5.0V, +10V, or 
+2.5V, with positive full scale occurring with all 
bits on (all 1’s). 

Step 1 — Offset Adjust 

Turn off all bits. Adjust 1000 trimmer R1 to give 
-5.000, -10.000, o' -2.500V, depending upon the 
full scale range selected. 

Step 2 — Gain Acjust 

Turn on all bits arid adjust trimmer R2 to give a 
reading of +4.99715, +9.9951, or +2.4988V 
depending upon the range. 


If a precision op emp such as the OP-07, OP-27, 
or OP-37 is used no separate trimming of the 
operational ampliier is required or 
recommended. 


20 Volt Span 
10 Volt Span 
10pF 
Output 
Outp it OV to +70V 
MSB nor LS 65-01618A 


Digital and Analog Common 
Must Have a Common Current 
Return Path. 


Figure 1. OV to + 10V Unipolar Voltage Outjut 
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-Vs_ Dig. 
-15V Common 


20 Volt Span 


10 Volt Span 


Output 
-5.0V to +5.0V 


LSB 65-01619A 


Note: 20029 R1 and R2 Pots are Recommended for DAC-8565D Grade 


Figure 2. +5.0V Bipolar Voltage Output 


OV to +5.0V Range 


A OV to +5V output can be achieved by modi- 
fying the configuration of Figure 1. Tie pin 11 to 
pin 9 rather than to pin 10 and adjust full scale 
to +4.9988V. 


Internal/External Reference Use 


The DAC-8565 has an internal bandgap voltage 
reference which is trimmed for both temperature 
coefficient and absolute accuracy. The reference 
is buffered with an internal operational amplifier 
and is capable of driving a minimum of 5.0mA in 
addition to the 0.5mA into REFjy and 1.0mA into 
Bipolar Offset for the DAC. The reference is 
typically trimmed to +0.2% but specified to 1.0% 
(J, S grades) max error. Testing and specifying 
of absolute unipolar and bipolar full scale is 
done using the internal reference. For noise per- 
formance of the reference see Figure 6. 


Raytheon 


Digital Input Considerations 


The DAC-8565 uses a positive true straight 
binary code for unipolar outputs (all 1’s give full 
scale output) and an offset binary code for 
bipolar output ranges. In the bipolar mode, all 
O's give -F.S., with only the MSB on give 0.00V, 
and with all 1’s, +F.S. is achieved. 


The threshold of the digital input circuitry is set 

at +1.4V independent of supply voltage. The bit 

lines are compatible with TTL, DTL, CMOS, and 
unbuffered CMOS. 


Application of Analog 
and Digital Commons 


The DAC-8565 separates analog and digital 
grounds to optimize accuracy and noise. 200mV 
difference between the two grounds can be 
tolerated without degradation in performance. 
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20 Volt Span 


Same as Figure 2 
Except Where Noted 


65-01620A 


Figure 3. +10V Bipolar Voltage Output 


Output Voltage Compliance 


The DAC-8565 has a minimum output voltage 
compliance range of -1.5V to +10V and is 
independent of both the positive and negative 
supply voltages. The output can be modeled 
as a 25pF capacitance shunted by a 10MQ 
resistance across the output current source to 
ground. This is a dramatic improvement over 
competitive DAC-8565 designs which have an 
8kQ output impedance. The DAC-8565’s 
output current varies insignificantly as a func- 
tion of output voltage, allowing direct conver- 
sion to voltage by an external resistor in many 
applications. 


More significantly, the errors introduced by 
the input errors of the external output opera- 
tional amplifier are not magnified by a low 
output impedance. The output system error 
from the op amp is equal to: 


| Repan +R 
(VeRR in op amp) (sean “Fin 


and defaults to only the inherent input errors 
of the op amp. 


20 Volt Span 


5K 
10 Volt Span & 


Same as Figure 2 
Except Where Noted 


A 


9.95K 


DAC-8565 


65-01621A 


Figure 4. +2.5V Bipolar Voltage Output 


Settling Time 


The internally compensated reference amplifier 
and differential bit switch are optimized for fast 
settling operation. Worst case settling time 
occurs when all cits are switched and is speci- 
fied as 400nS maximum. Note: The settling time 
specification is for the output current, not fora 
voltage. When us ng an external op amp as a 
current to voltage: converter, the settling time will 
usually be dominated by the speed performance 
of the operationa amplifier. When using the 
DAC in a successive approximation A/D applica- 
tion, care in the salection of the comparator is 
Critical in determining accuracy and speed. 
Raytheon recommends the use of the RM4805 
comparator to optimize A/D performance. 
Please refer to the 4805 application notes for 
further details on speed and accuracy character- 
istics of successive approximation A/D 
converters. 


Direct Unbuffered Voltage Output 
for Cable Driving 
The high output impedance and compliance 


range allow for direct current to voltage conver- 
sion using the bipolar and span resistors. The 
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Circuit configurations of Figure 5 yield comple- 
mentary unipolar coding (+10V to OV) as well as 
+1.0V bipolar coding. The 10MQ output 
impedance of the DAC-8565 allows for direct 
current to voltage conversion without any 
degradation of linearity performance. 


DAC-8565 
Same as Figure 2 
Except Where Noted | 9 


Note: Rspans can vary by +20% max 


12-Bit Analog-to-Digital Converter 


Figure 7 shows an application of the DAC-8565 
coupled with the 4805 comparator to make a 
successive approximation 12-bit analog-to- 
digital converter. The SAR selected is the 
AM2504. Latched output capability is provided 
by the 25LS374. Conversion time with the 1K 
Summing mode resistance should be set by the 
clock at 13yuS. 


Unbuffered Complementary Unipolar Voltage Coding 
All 1111's Give 0 Volts Out 
All 0000's Give +10 Volts Out 


Unbuffered Bipolar Voltage Coding 
All 1111's Give -1.0 Volt Output Typical 
All 0000’s Give +1.0 Volt Output Typical 


65-01622A 


Figure 5. Unbuffered Voltage Output Configurations 
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Figure 6. Output Wideband Noise vs Bandwidth (0.1Hz to Frequency Indicated) 


VREF 
C) 


Analog 
. Input © 
-10V to +10V 

2 

| I 

Bae 

tH 

gammy *R5 = 10K//R4 
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» Clock (Input) a 
é Analog GND 
| bo. 
+ Gert iri [2] Digital GND 
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U2 
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Figure 7. 12-Bit Analog-to-Digital Converier 
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V/F CONVERTERS 


DEFINITIONS 


Compliance 
The measure of the output impedance of a 
switched current source, given as a maximum 
current for a specified voltage change, in micro- 
amps (yA). 


Full Scale Frequency 

A voltage-to-frequency converter can operate 
up to the guaranteed full scale frequency with- 
out violating any of the performance specs for 
this frequency range. Full scale frequency is 
expressed in Hertz (Hz). 


Nonlinearity Error 

On a plot of input voltage versus output fre- 
quency, a straight line is drawn from the origin 
to the full scale point which is defined by the 
intersection of the maximum input voltage and 
maximum output frequency. 


The actual plot of output frequency versus input 
voltage should not deviate from this straight 
line by more than increment AFocmax). Non- 
linearity is defined here as (AFO/AFs) x 100% 
where Fs is the maximum frequency for the 
range in question. For instance, when specifying 
nonlinearity error for the 0.1Hz to 10KHz range, 
then Fs = 10kHz. When specifying nonlinearity 
error for a frequency-to-voltage converter, non- 
linearity error is defined as (AWVes) x 100%. 


Leakage Current 

The current that flows into the open collector 
output transistor when the logic output transistor 
is in the “off” state, as a result of the appli- 
cation of the maximum supply voltage to the 
output. Leakage current is measured in micro- 
amps (uA). 


Reference Current (4153) 

The current flowing into pin 5 as a result of 
applying a reference voltage of exactly 73V, 
measured in milliamps (mA). 


Reference Voltage (Vrer) 

The voltage output of the internal reference as 
measured from pin 3 to the common terminal 
(pin 2) of the 4153 — cannot be directly measured 
for the 4151 and 4152. Vref is expressed in volts 
(V). 


Scale Factor 
Scale factor K is the ratio of Fo/Vjn. 


Scale Factor Tolerance (4153) 

Scale factor tolerance is defined for Vref, Rin, 
and Co equal to 7.3V, 20,0000 and 3500pfF, re- 
spectively. The scale factor tolerance is the 
amount a measured value of K deviates from 
the computed value. 
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RC4151, 4152 
Voltage-to- 
Frequency 
Converters 


Features 


Single supply operation 

Pulse output DTL/TTL/CMOS compatible 
Programmable scale factor (K) 

High noise rejection 

Inherent monotonicity 

Easily transmittable output 

Simple full scale trim 

@ Single-ended input, referenced to ground 
m@ \V-F or F-V conversion 

@ Voltage or current input 

gw Wide dynamic range 


Applications 


Precision voltage-to-frequency converters 
Pulse-width modulators 
Programmable pulse generators 
Frequency-to-voltage converters 
Integrating analog-to-digital converters 
Long-term analog integrators 

Signal conversion — 
Current-to-Frequency 
Temperature-to-Frequency 
Pressure-to-Frequency 
Capacitance-to-Frequency 
Frequency-to-Current 


RC4151, 4152 


@ Signal isolatior — 
VFC — opto-isolation — FVC 
ADC with opto-isolation 

@ Signal Encoding — 
FSK modulation/demodulation 
Pulse-width modulation 

@ Frequency scaling 

@ DC motor speed control 


Description 


The 4151 and 4152 are monolithic circuits con- 
taining all of the active components needed to 
build a complete voltage-to-frequency converter. 
Circuits that convert a DC voltage to a pulse 
train (VFC) can be built by adding a few resistors 
and capacitors tc the internal comparator, one- 
shot, voltage reference, and switched current 
source. Frequency-to-voltage converters (FVCs) 
and many other signal conditioning circuits are 
also easily created using these converters. 


| Raytheon was the first company to introduce 


a monolithic VFC. The low cost 4151 was followed 
by the 4152, a pin compatible replacement offer- 
ing guaranteed temperature and accuracy speci- 
fications. Both converters are available in a 
standard 8-pin pastic DIP. 


RC4151,4152 


Connection Information 


8-Lead Plastic DIP 


65-01529A 


Function 
Switched Current Source Output (Io) 
Switched Voltage Reference (Rs) 
Logic Output (Open Collector) (Fo) 
Ground (GND) 
One-Shot R, C Timing (Co) 
Threshold (Vr) 
Input Voitage (Vin) 
+Vs 


ONOonh WD — 


Absolute Maximum Ratings 


SUD OIY VONAOG ievincscsiententcosscetexanseiseasesnesse +22V 
Internal Power Dissipation .................. 500 mW 
INDUU VONAGE sccessncvsnvssavsncieasouesinssnsives -0.2V to +V, 
Output Sink Current 

(Frequency Output) .................sseseeeees 20 mA 
Output Short Circuit to Ground ........ Continuous 
Storage Temperature 

PRANOG senstcicenaseanssacaiachoonaenens -65°C to +150°C 
Operating Temperature 

FANG oanesan ceases caterers ermaniianvaene 0°C to +70°C 


Thermal Characteristics 
Plastic DIP 
Max. P, T, <50°C 
Therm. Res®, | 


Therm. Res. 6,, 160°C/W 
For T, >50°C Derate at | 6.25 mW/C 
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Functional Block Diagram 


4151/4152 
Switched 


Current Switched 
Source Current 
Output Source 


Open Loop 
Switched Comparator 
Reference 


Output Comparator 
Inputs 


Open Collector 
Output 
Precision 
One Shot 
One Shot 
Logic Output Timing 
- Transistor 
65-01517A 


Ordering Information 


Operating 
Part Number Package Temperature 
Range 
RC4151N 0°C to +70°C 
RC4152N 0°C to +70°C 


Notes: 

N = 8- lead plastic DIP 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 
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Electrical Characteristics (Vs = +15V and T, = +25°C unless otherwise noted) 


4151 a2 
— mo 


Min | We 
Power Supply Requirements (Pin 8) 
Supply Current Vg = +15V 45 16 25 mA 


wo| | s20) eo] mv 
a0 | | 80 | 0) na 
00) | 230 [=100| a 
v3] 0 | w2] Wea] Vv 


or 


Input Comparator (Pins 6 and 7) 
Vos 
Input Bias Current 


Input Offset Current 


Input Voltage Range 


One Shot (Pin 5) 
Threshold Voltage 


Input Bias Current 


a | Se 
< 


Saturation Voltage 


Drift of Timing 
vs. Temperature? 
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Drift of Timing vs. Supply 


52) 

TT 
= 
~~ 
<= 


Switched Current Source’ 
(Pin 1) 
Output Current 


ais 
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Drift vs. Temperature? 0°C to +70°C 


a 
4151-Rs = 14.0K/ 7 
4152-Rs = 16.7K +138 
_ 
a 
ae i 


Drift vs. Supply Voltage oe 010} | IV 
Compliano rest | aA 
Reference Voltage (Pin 2) 


i 
3 
HA 
S 
— 
5) 
3 
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Drift vs. Temperature? 


Logic Output (Pin 3) 
Saturation Voltage 


mofo 

I+ 
3 
ia 
S 
52) 
wT 
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° 
PP, 


rete mee [fas 


Saturation Voltage HIsink=10mA = HIsink=10mA 


Nonlinearity % Error 

Voltage Sourced Circuit of 

Figure 3 1.0Hz to 10kHz 0.013 0.007 | 0.05 
Temperature Drift Voltage” 

Sourced Circuit of 0°C to +70°C 

Figure 3 Fo = 10kHz +100 +75 | +150] ppm/°C 


Notes: 
1. Temperature coefficient of output current source (pin 1 output) exclusive of reference voltage drift. 
2. Guaranteed but not tested. 
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Typical Performance Characteristics 


Nonlinearity, % Error 


Nonlinearity, % Error 


Nonlinearity, % Error 


10kHz Current-Sourced VFC 
Nonlinearity 


Set} fed 


65-01523A 


Input Voltage 


10kHz Voltage-Sourced VFC 
Nonlinearity 


65-01525A 


Input Voltage 


10kHz Precision FVC Nonlinearity 


ea 
vaueaueath 


Input Frequency {kHz} 


65-01527A 
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Nonlinearity, %o Error 


Nonlinearity, % Error 


Nonlinearity, % Error 
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100kHz Current-Sourced VFC 
Nonlinearity 


65-01524A 


Input Voltage 


100kHz Volitage-Sourced VFC 
Nonlinearity 


CCC 
RSET 
NCEE 


65-01526A 


Input Voltage 


100kHz Precision FVC Nonlinearity 


65-01528A 


Input Frequency (kHz) 
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RC4151,4152 


Principles of Operation 


The 4151 and the 4152 contain the following 
components: an open loop comparator, a pre- 
cision one-shot timer, a switched voltage ref- 
erence, a switched current source, and an open 
collector logic output transistor. These functional 
blocks are internally interconnected in a special 
way. By adding some external resistors and 
Capacitors, a designer can create a complete 
voltage-to-frequency converter. 


The comparator’s output controls the one-shot 
(monostable timer). The one-shot in turn controls 
the switched current source, the switched ref- 
erence, and the open collector output transistor. 
The block diagram shows the components and 
their interconnection. 


To detail, if the voltage at pin 7 is greater than the 
voltage at pin 6, the comparator switches and 
triggers the one-shot. When the one-shot is 
triggered, two things happen. First, the one-shot 
begins its timing period. Second, the one-shot’s 
output turns on the switched current source, the 
switched voltage reference, and the open col- 
lector output transistor. 


The one-shot creates its timing period much like 
the popular 555 timer does, by charging a 
Capacitor from a resistor tied to +Vs. The one-shot 


Integrator 
aaa 
Cp 
+ 
louT 
—= Switched 
Rp Current 
= Rs Source 
a 
= Current Setting Resistor 
4151 - Rs = 14.0K 
4152 - Rs = 16.7K 
RLOAD 
4 Ground 
f Open Collector 
SL Lieu ie Logic Output 


Open Collector Output Transistor 


Precision 
One Shot 


senses the voltage on the capacitor (pin 5) and 
ends the timing period when the voltage reaches 
2/3 of the supply voltage. At the end of the timing 
period the capacitor is discharged by a transistor 
similar to the open collector output transistor. 


Meanwhile, during the timing period of the one- 
shot, the switched current source, the switched 
reference, and the open collector output transistor 
all will be switched on. The switched current 
source (pin 1) will deliver a current proportional to 
both the reference voltage and an external 
resistor, Rs. The switched reference (pin 2) will 
supply an output voltage equal to the internal 
reference voltage: (4151 = 1.9V, 4152 = 2.25V). The 
open collector output transistor will be turned on, 
forcing the logic output (pin 3) to a low state. At 
the end of the tirning period all of these outputs 
will turn off. The switched voltage reference has 
produced an off-on-off voltage pulse, the switched 
current source has emitted a quanta of charge, 
and the open co lector output has transmitted a 
logic pulse. 


To summarize, the purpose of the circuit is to 
produce a current pulse, well-defined in ampli- 
tude and duration, and to simultaneously produce 
an output pulse which is compatible with most 
logic families. The circuit’s outputs show a-pulse 
waveform in response to a voltage difference 
between the comparator’s inputs. 


Open Loop 
Comparator 


One Shot 
Timing 


65-01518B 


Figure 1. Single Supply VFC 
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Applications 
Single Supply VFC 


The stand-alone voltage-to-frequency converter 
is one of the simplest applications for the 4151 or 
4152. This application uses only passive external 
components to create the least expensive VFC 
Circuit. 


The positive input voltage Vix is applied to the 
input comparator through a low pass filter. The 
one-shot will fire repetitively and the switched 
current source will pump out current pulses of 
amplitude Vper/Rs and duration 1.1 RoCo into the 
integrator. Because the integrator is tied back to 
the inverting comparator input, a feedback loop is 
created. The pulse repetition rate will increase 
until the average voltage on the integrator is equal 
to the DC input voltage at pin 7 The average 
voltage at pin 6 is proportional to the output 
frequency because the amount of charge in each 
current pulse is precisely controlled. 


Because the one-shot firing frequency is the same 
as the open collector output frequency, the output 
frequency is directly proportional to Vin. 


The external passive components set the scale 
factor. For best linearity, Rs should be limited to a 
range of 12k to 20k0. 


The reference voltage is nominally 1.9V for the 
4151 and 2.25V for the 4152. Recommended values 
for different operating frequencies are shown in 
the table below. 


Operating Range | Ro | Co | Re | Ce 


DC to 1.0kHz 6.8k0 100kO | 10uF 
DC to 10kHz 6.8kQ | 0.01uF | 100kO | 1.0uF 
DC to 100kHz 6.8kO | 0.001uF | 100kO | O1yF 


The single supply VFC is recommended for uses 
where the dynamic range of the input is limited, 
and the input does not reach OV. With 10kHz 
values, nonlinearity will be less than 1.0% for a 
10mV to 10V input range, and response tme will be 
about 135mS. 


Precision Current-Sourced VFC 


This circuit operates similarly to the single supply 
VFC, except that the passive R-C integrator has 
been replaced by an active op amp integrator. This 


V/F Converters 


increases the dynamic range down to OV, im- 
proves the response time, and eliminates the 
nonlinearity error introduced by the limited 
compliance of the switched current source output. 


The integrator algebraically sums the positive 
current pulses from the switched current source 
with the current Vjn/Rp. To operate correctly, the 
input voltage must be negative, so that when the 
circuit is balanced, the two currents cancel. 

1 


Fout 


VIN] _ | | 7 
Re lout + where Tp = 1.1 RoCo 


lout = VREF 
Rs 


By rearranging and substituting, 


F = _ Rs Vin, 
OUT” 14.1 RoCoRs || Vrer 


Recommended component values for different 
operating frequencies are shown in the table 
below. 


Scale 
[Input Vy | Output Fy | Factor mo | 6 
0 to -10V | 0 to 1.0kHz | 0.1kHz/V |} 6.8k0 | O1pF | 0.05uF | 100k0 
0 to -10V | Oto 10kHz | 1.0kHz/V} 6.8k0 | 0.01uF |0.005uF] 100k 
0 to -10V |0 to 100kKHz} 10kHz/V | 6.8k | 1000pF |] 500pF | 100k 


The graphs shown under Typical Performance 
Characteristics show nonlinearity versus input 
voltage for the precision current-sourced VFC. 
The 4152s improved circuitry reduces nonlinearity 
error when compared to the 4151. The best 
linearity is achieved by using an op amp having 
greater than 1.0V/uS slew rate, but any op amp can 
be used. 


Precision Voltage-Sourced VFC 


This circuit is identical to the current-sourced 
VFC, except that the current pulses into the 
integrator are derived directly from the switched 
voltage reference. This improves temperature drift 
at the expense of high frequency linearity. 
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Figure 2. Precision Current — Sourced VFC 
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Figure 3. Precision Voltage — Sourced VI-C 
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The switched current source (pin 1) output has 
been tied to ground, and Rs has been put in series 
between the switched voltage reference (pin 2) 
and the summing node of the op amp. This 
eliminates temperature drift associated with the 
switched current source. The graphs under the 
Typical Performance Characteristics show that 
the nonlinearity error is worse at high frequency, 
when compared with the current-sourced circuit. 


Single Supply FVC 


A frequency-to-voltage converter performs the 
exact opposite of the VFCs function; it converts an 
input pulse train into an average output voltage. 
Incoming pulses trigger the input comparator and 
fire the one-shot. The one-shot then dumps a 
charge into the output integrator. The voltage on 
the integrator becomes a varying DC voltage 
proportional to the frequency of the input signal. 
Figure 4 shows a complete single supply FVC. 


The input waveform must have fast slewing edges, 
and the differentiated input signal must be less 
than the timing period of the one-shot, 1.1 RoCo. 
A differentiator and divider are used to shape and 
bias the trigger input; anegative going pulse at pin 
6 will cause the comparator to fire the one-shot. 
The input pulse amplitude must be large enough 
to trip the comparator, but not so large as to 
exceed the ICs input voltage ratings. 


Cin 
0.022uF ¢ 
fin O+ 


Frequency 
Input 


0 < fin < 10kHZ 


10kQ 


4151/4152 
C 
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The output voltage is directly proportional to the 
input frequency: 


Vo = | 11 RoCo Fa Vaee | fin (Hz) 
S 

Output ripple can be minimized by increasing Cg, 

but this will limit the response time. Recom- 

mended values for various operating ranges are 

shown in the table below. 


Input 

Operating 

Range Cw Cy Ce Ripple 
0 to 1.0kHz 0.02uF | 6.8kQ} O1uF | 100KQ | 100uF | 1.0mV 
0 to 10kHz 0.002uF} 6.8k | 0.01uF | 100K | 10uF | 1.0mV 
0 to 100kHz 200pF | 6.8k8 | 0.001uF} 100kO | 1.0uF | 1.0mV 


Precision FVC 


Linearity. offset, and response time can be 
improved by adding one or more op amps to form 
an active lowpass filter at the output. A circuit 
using a Single pole active integrator is shown in 
Figure 5. 


The positive output Current pulses are averaged 
by the inverting integrator, causing the output 
voltage to be negative. Response time can be 
further improved by adding a double pole filter to 
replace the single pole filter. Refer to the graphs 
under Typical Performance Characteristics that 
show nonlinearity error versus input frequency for 
the precision FVC circuit. 


Rg - 4151 = 14.0K 
Rg - 4152 = 16.7K 


65-01521A 


Figure 4. Single Supply FVC 
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+15V O 


10k Co 
0.01 uF 


VIN Co gun} 
0.02uF ¢ 
Vtq 4151/4152 VFC 
fin O— Vso Rg OPS TL 
Frequency Input 1 2 - 
0 < fin < 10kHz Rs - 4151 = 14K 


Rs - 4152 = 14.7K 
5.0Vp-p ee 


Squarewave |} 
Wka ¢ C 
+15V 
= — Rg 100k.) 
5.0pF 
c 100 
) 
6 Vo 
3 Voltage Output 
-10V< V9 <0 
Rp 1 
100k 
Offset 
Adjust 65-01522A 
"= 15V 


Figure 5. Precision FVC 


Mask Pattern 


Die Size: 45x 61 mils 
Min. Pad Dimension: 4 x 4 mils 


Die Size: 47 x 68 inils 
Min. Pad Dimension: 4 x 4 mils 
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Schematic Diagram — 4151 
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Schematic Diagram — 4152 


€vd 


He - 

\4 

os, 
8€0 
Cal 


1 


Fala 


(€) O 
04 


\ 
Na 
zal 
+ 


= 
So 


hers f Bo Sd 


(2) 


7-12 


RC4153 


RC4153 
Voltage-to- 
Frequency 
Converter 


Features 


® 0.1Hz to 250kHz dynamic range 

@ 0.01% FS. maximum nonlinearity error — 0.1Hz 
to 10KHz 

@ 50ppm/°C maximum gain temperature coef- 
ficient (external reference) 

™ Few external components required 


Applications 


m™ Precision voltage-to-frequency converters 
@ Serial transmission of analog information 
@ Pulse width modulators 

@ Frequency-to-voltage converters 

@ A/D converters and long term integrators 
B® Signal isolation 

m@ FSK modulation/demodulation 

@ Frequency scaling 

@ Motor speed controls 

@ Phase lock loop stabilization 


Description 


The 4153 sets a new standard for ease of applica- 
tion and high frequency performance in mono- 
lithic voltage-to-frequency converters. This 
voltage-to-frequency requires only four passive 
external components for precision operation, 
making it ideal for many low cost applications 
such as A/D conversion, frequency-to-voltage 
conversion, and serial data transmission. The 
improved linearity at high frequency makes it 
comparable to many dual slope A/D converters 


V/F Converters 


both in conversion time and accuracy, while 
retaining the benefits of voltage-to-frequency 
conversion, i.e., serial output, cost and size. The 
speed, accuracy, and temperature performance of 
the 4153 is achieved by incorporating high speed 
ECL logic, a high gain, wide bandwidth op amp, 
and a buried zener reference on a single mono- 
lithic chip. 


4153 Functional Block Diagram 


14 Lead 
Duai in-Line Package 


| 65-01823A 


Pin Function Pin Function 


1 =Ne 8 Circuit Gnd 
pene 9 Frequency Output 
> ae emt (Open Collector) | 
4 Vout (Op Amp) 10 +Vs 
5 lin (REF Input) 11 (+) Op Amp Input 
6 Co (Pulse Width) 12 (-) Op Amp input 
7 Trigger Input 13 Vos Trim 
14 Vos Trim 


a 
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Ordering Information 


| Operating 
Part Number Package ,_ Temperature 
| Range 


RC4153D 0°C to +70°C 


| -55°C to +125°C 
D = 14- lead ceramic DIP 


Contact a Raytheon sales office cr representative for 
ordering information on special package/Atemperature 
range combinations. 


Notes: 


Absolute Maximum Ratings 


SUPPly VOlAGE ...........cccccccecccssessssscsssseseeees +18V 
Internal Power Dissipation ................000. 500 mW 
Input Voltage Range .............ceeeeeee -V, to +V, 


Output Sink Current (Freq. Output) ........ 20 mA 
Storage Temperature 


AO er cctarcaranvteserwiiteneetonsees -65°C to +150°C 
Operating Temperature Range 

PUIG 19S cosctesiddcsrvesiitennnainadiente -55°C to +125°C 

ACA 19S, seesecincntieetinetansssacieeesens 0°C to +70°C 


Thermai Characteristics 
14-Lead 
Ceramic DIP 


Max. Junction Temp. 
Max. P, T, <50°C 


| Therm. Res Din |  60°C/W 


| Therm. Res. @,, 


| For T, >50°C Derate at | 8.33 mW/°C | 


RC4153 


Mask Pattern 


; 
: “4G 


Malay 


Die Size: 90 x 108 mils 
Min. Pad Dimensions: 4x 4 mils 


7-14 Raytheon 


RC4153 V/F Converters 


Electrical Characteristics (Vv, =+15V and T, = +25°C unless otherwise noted) 
Supply Voltage 
mA 
Full Scale Frequenc | 250 | 500 | | KHz 


| Parameters | Min. | Typ | Max | Units 
Power Supply Requirements | om tie | 
Supply Current (|, = 0, Pos) 
(I, = 0, Neg) 
Transfer Characteristics 
Nonlinearity Error Voltage-to-Frequency' 


0.1 Hz < Fy, < 10 kHz . 
0.1 Hz <F.,, < 100 kHz 0.025 
5.0 Hz < F,,,, < 250 kHz 


OouT™ 
Nonlinearity Error Frequency-to-Voltage’ 


0.1 HZz<F,,, < 10 kHz 


iN — 


0.1 Hz <F,, < 100 kHz 


IN = 
5.0 HZ <F,, < 250 kHz 


IN 
Scale Factor Tolerance, F = 10 kHz 


1 


eV REF Rin Cy 


0.025 
Po05 
cum 


K = 


0.008 %N 
Reference Voltage (V,_-) 7.3 V 
Temperature Stability '.* ° 

Scale Factor 10 KHz Nominal £75 +150 ppm/C 


Reference Voltage +50 


Scale Factor (External Ref) 10 kHz FS 


Scale Factor (External Ref) 100 kHz FS 
Scale Factor (External Ref) 250 kHz FS 


+150 


Notes: 

1. Guaranteed but not tested. 

2. Vac. Range 6.6V < VR < 8.0V. 

3. Over the specified operating temperature range 
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Electrical Characteristics (Continued) 


Parameters 


Op Amp 
Open Loop Output Resistance 
Short Circuit Current 
Gain Bandwidth Product’ 
Slew Rate 
Output Voltage Swing (R, 2 2K) 
Input Bias Current 


Input Offset Voltage (Adjustable to 0) 


Input Offset Current 
Input Resistance (Differential Mode) 
Common Mode Rejection Ratio 
Power Supply Rejection Ratio 
Large Signal Voltage Gain 
Switched Current Source 
Reference Current (Ext Ref 
Digital Input (Frequency-to-Voltage, Pin 7) 
Logic “0” 
Logic “1” 
Trigger Current 
Logic Output (Open Collector) 
Saturation Voltage (Pin 9) 
| =4mA 
loink = 10 MA 


Leakage Current (Off State) 


SINK 


Notes: 
1. Guaranteed but not tested. 


Typ 


230 
25 
3.0 
2.0 


NO 
Oo 


0 to +10 
70 
0.5 
30 
1.0 
100 
106 
350 


NO] NIN 
Aayo;n 


1.0 


NO 
>) 


150 
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V/mV 
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RC4153 V/F Converters 
Typical Performance Characteristics 


4153 10kHz Full Scale Temperature Drift 4153 250kHz Full Scale Temperature Drift 


Frequency Out in Hz 
Frequency Out in Hz 


-60 -40 -20 0 +20 +40 +60 +80 +100 +120 -60 -40 -20 0 +20 +40: +60 +80 +100 +120 


Ambient Temperature (°C) Ambient Temperature (°C) 


4153 250kHz Frequency-to-Voitage Nonlinearity 4153 250kHz Voltage-to-Frequency Nonlinearity 
0.09 


Nonlinearity % Error 
Nonlinearity % Error 


2 350 75 100 125 150 175 200 225 kHz 


input Voltage Input Frequency 


4153 Scale Factor vs. Typical Peak Linearity 


CCH eer 
Bea yattt 


30 60 9 120 150 180 210  240kHz 


8 


B 


S 
S 


—) 
i) 
Lae) 


Typical Peak: Nonlinearity (Absolute) % Error 


oO 


Full Scale Frequency (Scale Factor) 
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Typical Performance Characteristics (Continued) 


4153 10kHz Voitage-to-Frequency Nonlinearity 4153 10kHz Frequency-to-Volitage Nonlinearity 


0.004 

0.002 
e 5 
r =O 
= = 
s S -0.002 
E = 
= = 

-0.004 

1 2 3 4 5 6 7 8 9 10kHz 
Input Voltage Input Frequency 


4153 50kHz Voltage-to-Frequency Nonlinearity 4153 50kHz Frequency-to-Voltage Nonlinearity 


0.008 

0.004 
E 
2 - 
= > 
8  -0.004 
= = 
z= = 

-0.008 

5 110 115 20 28 3 3 40 45 SOkHz 
Input Voltage input Frequency 


4153 100kHz Voltage-to-Frequency Nonlinearity 4153 100kHz ners Nonlinearity 
0.04 


—) 
© 
Le) 


o 


I 
= 
—) 
xe) 


Nonlinearity % Error 
Nonlinearity % Error 


-0.04 


Input Voltage Input Frequency 
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Typical Application Circuits 


Rin 
VIN © 
Ci = 30Co 
Fout 
mae 
T — 
Pen ee 
Vw Four 
Fout = VR Rin Co **Eor ciel Hea ; t= 15x 10°Co 
= IN RS + VREF FIN 5 x 10-5 
In Rs VreF Co OUT 
*+Vs must be thoroughly decoupled. sees 
**For Bipolar Input. 
Resistance in Ohms unless otherwise specified. 


Figure 1. Voltage-to-Frequency Converter Minimum Circuit 


Full Scale Adj 


,Votose [Ragan [6 [| 
5k [okt | 0uF [3300pF [20K 
50KH2 | 2uF | 330pF | 40K 
WOOKH2 | twF | 150pF [43K 
ofa om | ek | a 
i | 
ae Veinnte = 2VREF Co (1 - 1.5 x 10* Co Fin) 
Zero ia: see 
Adjust Trecovery = 1.36 x 10* C; Co Rp AFIN 
Rp’ 
20K 


Cp’ 
+Vs O1uF a ‘ 
ho (Cer Disk) - 9 +Vs 


>, Freq 
Output" 


Gnd} 


Ro *+Vs must be thoroughly decoupled. 
O02uF S 51K **Optional. 
= Vo = 2Vrer Rp Co Fin Cy < wee Resistance in Ohms unless otherwise specified. 
~ Fin (max) 


" 6 | 

Freq 10K $3. S 0 Trig ¥ Ey a: 
Input 
Sot Yt ‘STR 


65-01826A 


Figure 2. Frequency-to-Voltage Converter — Vo (Volts) = Fin (kHz) — 100kHz Max 


Raytheon 


Section 7 RC4153 


Typical Application Circuits (Continued) 


Full Scale Adj 


Voltage 
Input 


(0-10V) 5K Full Scale |_| Co | Rm 
——— 
: 
OnF 
(Mylar) 


- —_ VIN 
Four 2VreF Rin Co 


tye ok > 
: Four (max) 


Freq 
Output 


*+Vs must be thoroughly decoupled. 


P . : sip 65-01828A 
Resistance in Ohms unless otherwise specified. 


Figure 3. Voltage-to-Frequency Converter With Offset and Gain Adjusts 
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Principles of Operation 


The 4153 consists of several functional blocks 
which provide either voltage-to-frequency or 
frequency-to-voltage conversion, depending on 
how they are connected. The operation is best 
understood by examining the block diagram as 
it is powered in a voltage-to-frequency mode. 


When power is first applied, all capacitors are 
discharged. The input current, Vin/Rin, causes 
Cin to charge, and point C will try to ramp 
down. The trigger threshold of the one-shot is 
approximately +1.3V, and if the integrator output 
is less than +1.3V, the one-shot will fire and 
pulse the open collector output E and the 
switched current source A (see Figures 4 and 5). 
Because the point C is less than +1.3V, the one- 
shot fires, and the switched current source 
delivers a negative current pulse to the inte- 
grator. This causes Cjy to charge in the opposite 
direction, and point C will ramp up until the end 
of the one-shot pulse. At that time, the positive 
current Vin/Rin will again make point C ramp 
down until the trigger threshold is reached. 


Integrator 


Voltage Switched E 
Reference Current 
7.3 Volts Source 


“Open 
Collector 


Co 
img) JE. Output 


65-01817A 


Figure 4. VFC Block Diagram 


When power is applied, the one-shot will con- 
tinuously fire until the integrator output exceeds 
the trigger threshold. Once this is reached, the 
one-shot will fire as needed to keep the 
integrator output above the trigger threshold. If 
Vin is increased, the slope of the downward 
ramp increases, and the one-shot will fire more 
often in order to keep the integrator output high. 
Since the one-shot firing frequency is the same 
as the open collector output frequency, any in- 
crease in Vin will Cause an increase in Four. 
This relationship is very linear because the 
amount of charge in each Ioyt pulse is carefully 
defined, both in magnitude and duration. The 
duration of the pulse is set by the timing capaci- 
tor Co (point D). This feedback system is called 
a charge balanced loop. 


The scale factor (the number of pulses per 
second for a specified Vin) is adjusted by 
Changing either Rix and therefore lI), or by 
changing the amount of charge in each Io pulse. 
Since the magnitude of Io is fixed at 1 milliamp, 


‘rr, 


VIN 


sy 


0 Switched Current 
A Source Output 
-lo -1.0mA 
B | | ] | | | | | | | | | S.C.S. Logic (Internal) 
c ine ieee Integrator Output 
_-_-—-— —-—-— NWANLAN -— Virigger ~ +1.3V 


-0.65V 
One-Shot Timing (Co) 
T=15x 10° Co 
- Output 
=0.2V 


= Wher Rin Co 


65-01818A 


Figure 5. 4153 Voltage-to-Frequency 
Timing Waveforms 
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the way to change the amount of charge is by 
adjusting the one-shot duration set by Co. (lo 
may be adjusted by changing Vre_er.) The accur- 
acy of the relationship between Vij and Four is 
affected by three major sources of error: tem- 
perature drift, nonlinearity, and offset. 


The total temperature drift is the sum of the 
individual drift of the components that make up 
the system. The greatest source of drift in a 
typical application is in the timing capacitor, Co. 
Low temperature coefficient capacitors, such as 
silver mica and polystyrene, should be mea- 
sured for drift, using a capacitance meter. 
Experimentation has shown that the lowest 
tempco's are achieved by wiring a parallel 
capacitor composed of 70% silver mica and 30% 
polystyrene. 


The reference on the chip can be replaced by an 
external reference with much tighter drift speci- 
fications, such as an LM199. The 199s 6.9V out- 
put is close to the 4153s 7.3V output, and has 
less than 10 ppm/° C drift. 


Nonlinearity is primarily caused by changes in 
the precise amount of charge in each lout 
pulse. As frequency increases, internal stray 
Capacitances and switching problems change 
the width and amplitude of the Ioyt pulses, 
Causing a nonlinear relationship between Vin 
and Four. For this reason, the scale factor you 
Choose should be below 1kHz/V or as low as the 
acquisition time of your system will allow. 


Nonlinearity is also affected by the ratio of C; to 
Co. Less error can be achieved by increasing 
the value of C), but this affects response time 
and temperature drift. Optimum values for C; 
and Co are shown in the tables in Figures 1, 2, 
and 3. These values represent the best compro- 
mise of nonlinearity and temperature drift. Poly- 
propylene, mylar or polystyrene capacitors 
should be used for C). 


The accuracy at low input voltages is limited by 
the offset and Vos drift of the op amp. To 
improve this condition, an offset adjust is 
provided. 

Once your system is running, it may be cali- 
brated as follows: apply a measured full scale 
input voltage and adjust Ry until the scale 
factor is correct. For precise applications, trim- 
ming by soldering metal film resistors in parallel 


RC4153 


is recommended instead of trimpots, which have 
bad tempco’s anc are easily taken out of ad- 
justment by mectianical shock. After the scale 
factor is calibrated, apply a known small input 
voltage (approximately 10mV) and adjust the op 
amp offset until the output frequency equals the 
input multiplied by the scale factor. 


The output E consists of a series of negative 
going pulses with a pulse width equal to the 
one-shot time. The open collector pull up 
resistor may be connected to a different supply 
(such as 5V for TTL) as long as it does not 
exceed the value of +V, applied to pin 10. The 
load current should be kept below 10mA in 
order to minimize strain on the device. Pins 2 
and 8 must be grounded in all applications, even 
if the open collector transistor is not used. 


Figure 6 shows the complete circuit for a pre- 
Cision frequency-‘o-voltage converter. This cir- 
Cuit converts an input frequency to a propor- 
tional voltage by integrating the switched 
Current source output. As the input frequency 
increases, the nurnber of Ioyt pulses delivered 
to the integrator increases, thus increasing the 
average Output vcltage. Depending on the time 
constant of the in:egrator, there will be some 
ripple on the output. The output may be further 
filtered, but this will reduce the response time. A 
second order filte will decrease ripple and 
improve response time. 


The output waveform must meet three condi- 
tions for proper frequency-to-voltage operation. 
First, it must have sufficient amplitude and offset 
to swing above arid below the 1.3V trigger 
threshold. (See Figure 6 for an example of AC 
coupling and offset bias.) Second, it must be a 
fast slewing wavetorm having a quick rise time. 
A comparator may be used to square it up. 
Finally, the input pulse width must not exceed 
the one-shot time. in order to avoid retriggering 
the one-shot (AC couple the input). 


Capacitive coupling between the trigger input 
and the timing capacitor pin may occur if the 
input waveform is a squarewave or the input has 
a short period. This can Cause gross non- 
linearity due to changes in the one-shot timing 
waveform (see Ficjure 7). This problem can be 
avoided by keeping the value of Co small, and 
thereby keeping the timing period less than the 
input waveform period. 
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-15V +15V 


fin 
1002 100K 
Comparator with 
Hysteresis Input 
Coupling 


65-01814A 


Figure 6. FVC Input Conditioning 


Waveform 
on Co 


Input 
Frequency 
L 


| Timing 
| 


Proper 
Operation 
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Frequency 


Timing 
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NN S on Co 
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Improper 
Operation 


65-01812A 


Figure 7. FVC Timing Waveform 
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Detailed Circuit Operation transistors in the signal path are NPNs and that 

the voltage swings are minimized ECL fashion 
The circuit consists of a buried zener reference to reduce delays. Minimum delay means mini- 
(breakdown occurs below the surface of the die, mum drift of the resultant VFC scale factor at 
reducing noise and contamination), a high high frequency. - 


speed one-shot, a high speed switched pre- 
cision voltage-to-current converter, and an open 
collector output transistor. | 


To Switched 
Current Source 


Figure 8 shows a block diagram of the high 
speed one-shot and Figure 9 shows the mono- 
lithic implementation. A trigger pulse sets the 


R-S latch, which lets Co charge from !I7. When C Trig 
the voltage on Co exceeds Vty, the comparator 
resets the latch and discharges Co. Looking at Reset 


the detailed schematic, a positive trigger voltage 
turns on Q5, turns off Q4, and turns on Q3. Q3 
provides more drive to Q5 keeping it on and 
latching the base of Q11 low. This turns on the 
switched current source and turns off Q1, allow- 
ing Co to charge in a negative direction. When R-S Latch Comparator 
the voltage on Co exceeds Vtp, Q13’s collector 65-01819A 
pulls Q3’s base down, resetting the latch, turn- 
ing off the switched current source and dis- 


charging Co through Q1. Note that all of the Figure 8. One-Shot Block Diagram 


Ramp Generator Comparator R-S Latch eek 


Figure 9. One-Shot Detail 
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The switched current source is shown as a 
block diagram in Figure 10 and detailed in 
Figure 11. The summing node (+ input of op 
amp) is held at OV by the amplifier feedback, 
Causing Vper to be applied across R60. This 
current (VReF/R60), minus the small amplifier 
bias current, flows through Q35. Q35 develops a 
Vpe dependent on that current. This Vpe is 
developed across Q36. Since Q35 and Q36 are 
equal in area, their currents are equal. This 
mirrored current is switched by the one-shot 
output. 


The detail schematic shows the amplifier and 
load (Q21 through Q34), the mirror transistors 
(Q35, Q36) and the differential switching tran- 
sistors (Q7, Q8). The amplifier uses a comple- 
mentary paraphase input composed of Q21 
through Q26 with a current mirror formed by 
Q27 through Q30, which converts from differ- 
ential to single ended output. Level shift diodes 


Q32 and Q34 and emitter follower Q31 bootstrap 


the emitters of the mirror devices Q29 and Q30 
to increase gain and lower input offsets, which 
would otherwise be caused by unbalanced col- 
lector voltages on Q23 and Q26. Matching 
emitter currents in Q35 and Q36 are assured by 


to +Vs 


to Bias 
Network 


Vs 


degeneration resistors R3 and R4. The differ- 
ential switch allows the current source to remain 
active continuously, shunting to ground in the 
off state. This helps stabilize the output, and 
again, NPNs reduce switching time, timing 
errors, and most important, drift of timing errors 
over temperature. 


+7.3V 
VREF 
A Switched 
Current 
Source 
Output 
____—s from 
One Shot 


Figure 10. Switched Current Source 
Simplified Diagram 


VREF 
@ 


Switched 
Current 
Source 
Output 


Q8 to Collector 
of Q11 


65-01824A 


Figure 11. Switched Current Source (Detail) 
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VOLTAGE REFERENCES 


DEFINITIONS 


Line Regulation 

The ratio of change in output voltage to the 
change in supply (line) voltage effecting it, 
expressed as a percentage of the output 
voltage per volt change in supply voltage 
(%/V). 


Load Regulation 

The ratio of change in output voltage to the 
change in load (output) current effecting it, 

measured in percent of output voltage per 

milliamp change in load current (%/mA). 


Output Voltage Noise 

Output voltage noise is the broadband noise 
over a specified range of frequencies, meas- 
ured in microvolts peak-to-peak (pV,__). 


Short Circuit Current 

The maximum output current available from the 
regulator with the output shorted to ground, 
expressed in milliamps (MA). 


Sink Current 

The amount of current that can be forced into 
the output with the reference still within 3% 
regulation, expressed in milliamps (mA). 


Supply Current (I,) 

The current required from the power supply to 
operate the regulator under quiescent no-load 
conditions, expressed in milliamps (mA). 


Supply Voltage (V,) 

The range of power supply voltages over which 
the regulator will operate, expressed in volts 
(V). 


Temperature Coefficient (T,) 
The change in the output voltage over specified 
temperature range in parts per million per °C 


(ppm/"C). 
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REF -07 Connection Information 
+1 OV Precision Dual feline pickers 


Vo ltag e — in Function 
References 


= 
=) 


Features 

+10V output — 40.3% 

Adjustable — +38% 

Excellent temperature stability — 3 ppm/°C 
Low noise — 20 HV» 


ONOORWND — 


Wide input voltage range — +12V to +40V eerie die 


No external components (Top View) 


Short circuit proof 
Low power consumption — 15 mW 


Description 


The REF-01 Precision Voltage Reference con- 
tains a bandgap reference using thin film resis- wee 
tors, a step-up amplifier, short circuit protection, 
and a zener trim network. The REF-01's +10V 
output shows excellent stability for large changes 
of temperature, load current, and input voltage. 
An adjust pin is provided that can change the 
output voltage by at least 3% with little effect on 
temperature coefficient. 
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Voltage References 


Ordering Information 


Operating 
Part Number Package Temperature 
Range 


REF-01CD 0°C to +70°C 
REF-01DD 0°C to +70°C 
REF-01ED 0°C to +70°C 
| REF-01HD 0°C to +70°C 
REF-01CN 0°C to +70°C 
REF-01DN 0°C to +70°C 
| REF-O1EN 0°C to +70°C 
REF-01HN 0°C to +70°C 
REF-01CT 0°C to +70°C 
REF-01DT 0°C to +70°C 
REF-O1ET 0°C to +70°C 


0°C to +70°C 


-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


REF-01HT 


REF-01AD 
REF-01AD/883B 
REF-01D 
REF-01D/883B 
REF-01AT 
REF-01AT/883B 
REF-01T 
REF-011/883B 


—~a——4—OoO O00 Saat xHtazaecezZzucoug 


Notes: 


/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

D = 8-lead ceramic DIP 

T = 8-lead metal’ can (TO-99) 

Contact a Raytheon sales office or representative for 
ordering information on special package/Aemperature 
range combinations. 


Thermal Characteristics 
8-Lead 


Max. Junction Temp. +175°C 
Max. P,, T, <50°C 833 mW 


Therm. Res 6,,, 45°C/W 


8-Lead 
Ceramic TO-99 
DIP Metal Can 


+175 C 
658 mW 
50°C/W 


Therm. Res. 6,, 150°C/W 190°C/W 160°C/W 
For T, >50°C Derate at | 8.33 mW/C | 5.26 mW/C | 6.25 mW/C 


Mask Pattern 


Die Size: 55 x 79 mils 
Min. Pad Dimensions: 4 x 4 mils 


Absolute Maximum Ratings 
Supply Voltage 


REF-O1A, E, H Grades ............0cceeeee +40V 

REF-01C, D Grades .........cccceeeeeee +30V 
Internal Power Dissipation ..........00.00.. 500 mW 
Output Short Circuit Duration ........00.... Indefinite 
Storage Temperature 

PVN G sca circeresccssquenamaieasentes -65°C to +150°C 
Operating Temperature Range 

FIEP-O1A, O11 ieccasesesanscnsnicesne -55°C to +125°C 

REF-01E,H,C,D............. eee 0°C to +70°C 
Lead Soldering Temperature 

(BO SOC) sce scciovaunignriinvacansinnieusasieninasnmnediee +300°C 


8-Lead 
Plastic 
DIP 


+125 C 
468 mW 


Raytheon 8-3 


Section 8 


Electrical Characteristics (Vs = +15V and T, = +25°C unless otherwise noted) 


Parameters Test Conditions 


Output Adjustment Range 

Output Voltage Noise’ }O.tHzto10Hz =| | 

Line Regulation? 0.006 
To +0.1% of Final Value 


Output Voltage Change With 
Temperature? Over Temp. Range 


Output Voltage Temperature Over Temp. Range 


Coefficient® 


Change in Voyt Temperature _ 
Coefficient With Output Adjustment | Rp = 10k 
Line Regulation? Vs = +13V to +33V 


Load Regulation? lo = OmA to 8mA 


Parameters Test Conditions 


Notes: 1. Guaranteed by design. 
. Line and load regulation specifications include the effects of self heating. 


V -V 
. Output voltage change with temperature = —“4X_—MIN x 100% 


Output voltage change with temperature 
180°C 


ano F&F W NM 


. Output voltage temperature coefficient = 


8-4 Raytheon 


. Output voltage change with temperature specification applies untrimmed, or trimmed to +10V. 


REF-01 Voltage References 


Electrical Characteristics (Vs = +15V and T, = +25°C unless otherwise noted) 


Parameters Test Conditions | Min | = Typ | Max | 


Output Voltage 10| 9.850) 10.00 | 10.150 
Output Adjustment Range aaa | 
rower | 


Line Regulation? Vs = +18V to +33V 


I, = OmA to 8mA 
Load Regulation’ : 


I, = OmA to 4mA 
Turn-on Settling Time 


3. 


—— 
i= 
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— 
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Co 


Output Voltage Noise’ 


: 
nN 
B 
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= 
<— 
= 
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=) 
Alo 
BA 


To +0.1% of Final Value 
Load Current fete 
Sink Current 0.2 

oe 


Test Conditions 
ee 
ae oe Temperature 


Change in Voyr Temperature 
Coefficient With Output Adjustment 
Line Regulation? Vs = +13V to +33V 
Load Regulation? |, = OmA to 8mA 
Notes: 1. Guaranteed by design. 
. Line and load regulation specifications include the effects of self heating. 


V; -V 
. Output voltage change with temperature = a x 100% 


1.6 
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. Output voltage change with temperature specification applies untrimmed, or trimmed to +10V. 


Output voltage change with temperature 
10°C 


a £-& WwW ND 


. Output voltage temperature coefficient = 


Raytheon 8-5 


Section 8 REF-01 


Electrical Characteristics (Vs = +15V, 0°C < Ta <+70°C, and Ic = 0 unless otherwise noted) 


REF-O1C 
Parameters Test Conditions 
Output Voltage Change With 
Temperature? ‘ Over Temp. Range 


Output Voltage Temperature 
Coefficient® Over Temp. Range 


Change in Voyt Temperature 


Notes: 1. Guaranteed by design. 
. Line and load regulation specifications include the effects of self heating. 


Vuax — Vain 


. Output voltage change with temperature = x 100% 


. Output voltage change with temperature specification applies untrimmed, or trimmed to +10V. 
Output voltage change with temperature 


. Output voltage temperature coefficient = 70°C 


Typical Applications 


Current Source Current Sink 


Voltage Compliance: -25V to +3V Voltage Compliance: -3V to +25V 


Vout 


V 
OUT R lout = — 3 + 1mA 


R- lout = at 1mA 


65-00555A 


louT 65-00554A 
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REF-01 Voltage References 


Typical Performance Characteristics 


Maximum Load Current vs. Differential 


Input Voltage Output Adjustment 


+15V 


500mW Maximum 
Dissipation 


O Output 


Maximum Load Current (mA) 


65-00549A 


Input Voltage - Output Voltage (Vs - Vout} 


— 65-00852A 


Normalized Load Regulation 


(AIL = 10mA) vs. Temperature The REF-01 trim terminal can be used to adjust 


the output voltage over a 10V +300mV range. 
This feature allows the system designer to trim 
system errors by setting the reference to a voltage 
other than 10V. Of course, the output can also 
be set to exactly 10.000V or to 10.240V for binary 
operation. Adjustment of the output does not 
significantly affect the temperature performance 
of the device. Typically the temperature coefficient 
change is 0.7ppm/°C for 100mV of output 
adjusimeni. 


Load Regulation (T}/Load Regulation (+25° C) 


"0 40-200 720 440 +60 +80 +100 +120 +140 
Temperature (°C) 


Burn-in Circuit 
Normalized Line Regulation vs. Temperature +18V 


TTT 
CTT’ 

aa 
a Aa 
Os 


Line Regulation (T)/Line Regulation (+25° C) 


| ++— | tt 

“eee 
60 -40 -20 0 +20 +40 +60 +80 +100 +120 
Temperature (°C) 


2 ees A 
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Section 8 REF-01 


Simplified Schematic Diagram 


Q18 


Output 


Trim 
(5) 


R2 
1K 


RQ 
10K 


Ground 65-00546B 
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REF-02 


REF-02 

+5V Precision 
Voltage 
References 


Features 

+5V output — 0.3% 

Adjustable — +3% 

Excellent temperature stability — 3 ppm/°C 
Low noise — 10 pV, 

Wide input voltage range — +7V to +40V 
No external components 

Short circuit proof 

Low power consumption —- 10 mW 


Description 


The REF-02 Precision Voltage Reference con- 

tains a bandgap reference using thin-film resis- 
tors, a step-up amplifier, short circuit protection, 
and a zener trim network. The REF-02's +5V 


output shows excelient stability for large changes 


of temperature, load current, and input voltage. 
An adjust pin is provided that can change the 


output voltage by at least 3% with little effect on 


temperature coefficient. A tempco pin aiso 
provides a voltage that varies linearly with 


temperature, typically from +470 mV to +830 mV 


over the military temperature range. 


Voltage References 


Connection [Information 


8-Lead 
Dual In-Line Package 
(Top View) 


= 
as 


CON OORWN — 


65-00970A 


8-Lead TO-99 
Metal Can 
(Top View) 


Function 


8-9 


Section 8 


Ordering Information 


Operating 
Part Number Package Temperature 
Range 


REF-02CD 0°C to +70°C 
REF-02DD 0°C to +70°C 
REF-02ED 0°C to +70°C 
REF-02HD 0°C to +70°C 
REF-02CN 0°C to +70°C 
REF-02DN 0°C to +70°C 
REF-02EN 0°C to +70°C 
REF-02HN 0°C to +70°C 
REF-02CT 0°C to +70°C 
REF-02DT 0°C to +70°C 
REF-02ET 0°C to +70°C 


0°C to +70°C 


-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


REF-02HT 


REF-02AD 
REF-02AD/883B 
REF-02D 
REF-02D/8838 
REF-02AT 
REF-02AT/883B 
REF-02T 
REF-02T/883B 


HHAHDOOUO|ARAAZZZZ0000 


Notes: 


/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

D = 8-lead ceramic DIP 

T = 8-lead metal can (TO-99) 

Contact a Raytheon sales office or representative for 
ordering information on special package/Aemperature 
range combinations. 


Thermal Characteristics 
8-Lead 


+175°C 
833 mW 


Max. Junction Temp. 
Max. P, T, <50°C 


8-Lead 
Ceramic TO-99 
DIP Metal Can 


+175°C 
658 mW 


| Therm. Res 0,, 45°C/W 50°C/W 
Therm. Res. 6,, 150°C/W 190°C/W 
For T, >50°C Derate at | 8.33 mW/°C | 5.26 mW/C | 6.25 mW/C 


REF-02 


Mask Pattern 


Die Size: 79 x 55 mils 
Min. Pad Dimensions: 4 x 4 mils 


Absolute Maximum Ratings 


Supply Voltage 

REF-02A, EH GlAGGS sissicsscsssnsessetconss +40V 

REF-02C, I) Grades. ...........cccsesscesseeeees +30V 
Internal Power Dissipation .................. 500 mW 
Output Short Circuit Duration .............. Indefinite 
Storage Temperature 

PANO ssicectssteereestonseraseans -65°C to +150°C 
Operating Temperature Range 

REF-O2A, 01 =. icccecossccseseseses -55°C to +125°C 

REP-02ZE,FC,D cccsrccecsvnesssinasee 0°C to +70°C 
Lead Soldering) Temperature 

(OO SOC) cea ceec eke sovieweniceeteeaeenieesinnes +300°C 


8-Lead 
Plastic 
DIP 


REF-02 Voltage References 


Electrical Characteristics (Vs = +15V and Ta = +25°C unless otherwise noted) 


| RER-O2A/E E REF-02/H 
Parameters Test Conditions ee Min Typ 


Output Voltage 4.985| 5.000 

Output Adjustment Range | Rp = 10k 

Supply Voltage on 

Turn-on Settling Time To +0.1% of Final Value 

Short Circuit Current —— 
ee 


Tempco Voltage Output® 
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Electrical Characteristics (Vs = +15V and -55°C < Ta < +125°C unless otherwise noted) 


Parameters Test Conditions 


Output Voltage Change With 
Temperature? 4 


Output Voltage Temperature 
Coefficient® 


Change in Voyr Temperature 
Coefficient With Output Adjustment 


Line Regulation? Vg=+8Vt0+33V |} (0.009 
Load Regulation? lo = OMA to 8mA | | 0.007 | 
Tempco Voltage Output 24 
Temperature Coefficient® 


Notes: 


. Guaranteed by design. 
. Line and load regulation specifications include the effects of self heating. 


V; -V 
. Output voltage change with temperature = es x 100% 
. Output voltage change with temperature specification applies untrimmed, or trimmed to +5V. 
Output voltage change with temperature 
180°C 
. Limit current in or out of pin 3 to 50nA and limit capacitance on pin 3 to 30pF. 


. Output voltage temperature ccefficient = 


oOo a fF WwW NH 


Section 8 REF-02 


Electrical Characteristics (Vs = +15V and T, = +25°C unless otherwise noted) 


REF-02C 
Parameters Test Conditions 


Output Voltage Noise’ 
[SuppiyWtage | 
Line Regulation? 0. 


I, = OmA to 8mA 0. 
|, = OmA to 4mA 
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Line Regulation? Vs = +8V to +33V 
l_ = OmA to 8mA 
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. Guaranteed by design. 
. Line and load regulation specifications include the effects of self heating. 


V -V 
. Output voltage change with temperature = —MAX MIN x 499% 


Output voltage change with temperature 
70°C 
. Limit Current in or out of pin 3 to 50nA and limit capacitance on pin 3 to 30pF. 


1 

2 

3 

4. Output voltage change with temperature specification applies untrimmed, or trimmed to +10V. 
5. Output voltage temperature coefficient = 

6 


8-12 Raytheon 


REF-02 Voltage References 


Electrical Characteristics (Vs = +15V, 0°C < Ta < +70°C and Io = 0 unless otherwise noted) 


Output Voltage Change With 
Temperature? 4 


. Guaranteed by design. 
. Line and load regulation specifications include the effects of self heating. 


V -V 
. Output voltage change with temperature = a ae x 100% 


Output voltage change with temperature 
70°C 
. Limit current in or out of pin 3 to 50nA and limit capacitance on pin 3 to 30pF. 


1 
2 

3 

4. Output voltage change with temperature specification applies untrimmed, or trimmed to +5V. 
5. Output voltage temperature coefficient = 

6 
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Typical Performance Characteristics 


8-14 


Maximum Load Current (mA) 


Load Regulation (T}/Load Regulation (+25° C) 


Maximum Load Current vs. 
Differential Input Voltage 


Ta = +25°C 


” om - Output Voltage a 


65-00549A 


Normalized Load Regulation 
(AIL = 10mA) vs. Temperature 


pit tt | | po 
ap tsctee | | | | eT | 
| peeecaee 


65-00550A 


60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 


Temperature (°C) 


Normalized Line Regulation vs. Temperature 


Line Regulation (T)/Line Regulation (+25° C) 


i TTT Te: 

of | | | | | | | | | 

-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 
Temperature (°C) 


REF-02 


Output Adjustment 


0 +15V 


oO Output 


TEMPCO : 


The REF-02 trim terminal can be used to adjust 
the output voltage over a 5V +300mV range. 
This feature allows the system designer to trim 
system errors by setting the reference to a voltage 
other than 5V. Of course, the output can also 
be set to exactly 5.000V or to 5.12V for binary 
operation. Adjustment of the output does not 
significantly affect trie temperature performance 
of the device. Typically the temperature coefficient 
change is 0.7ppm/°C for 100mV of output 
adjustment. 


Burn-in Circuit 


+18V 


REF-02 


Typical Applications 


Figure 3 shows how the REF-02 can be con- 
nected with an OP-07 to create an electronic 
thermometer. The circuit uses the +5V reference 
output and the op amp to level shift and amplify 
the 2.1mV/°C Tempco output into a voltage 
signal dependent on the ambient temperature. 
Different scaling can be obtained by seiecting 
appropriate resistors from the table in Figure 3, 
giving output slopes calibrated in degrees Celsius 
or degrees Fahrenheit. 


To calibrate, first measure the voltage on the 
Tempco pin (VteEmpPco) and the ambient room 
temperature (Ta in °C). Put those values into 
the following equation: 


y - “temeco (in millivolts) 
(S) (Ta + 273) 


Where S = Scale factor for your circuit selected 
from the table in Figure 3 (in millivolts). 


Voltage Compliance: -25V to +3V 


Vo 
R~ lout = “at 1mA 


! lout 65-00973A 


Figure 1. Current Source 


Voltage References 


Then turn the circuit power off, short Vout (pin 6) 
of the REF-02 to ground, and while applying 
exactly 100.00mV to the op amp output, adjust 
Repo so that Vp = (x) (100mV). Now remove the 
short and the 100mV source, reapply circuit 
power and adjust Rp so that the op amp output 
voltage equals (Ta) (S). The system is now 
exactly calibrated. 


For remote sensor applications a 1.5k() resistor 
(Rs) must be connected in series with the 
Tempco pinto isolate it from cable capacitances. 
Low temperature coefficient metal film resistors 
must be used for Ra, Rp and Re. 


Better grades of REF-02 will provide greater 
accuracy over a wider range of temperatures. 
To decrease op amp input errors, use an OP-27 
instead of an OP-07. A system using a REF-02A 
and an OP-07C will provide a typical accuracy 
of +0.5% over the military temperature range. 


Voltage Compliance: -3V to +25V 


V 
R lout = = + 1mA 


65-00974A 


Figure 2. Current Sink 
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Section 8 
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REF-02 


Rs 
1.5K, +5% 


*Up to 10 feet of shelded 4-conductor cable. 
- 65-00556 4 


R 
TcVout = (2.1mV/°C) (1 + athe) 


Vo = (H Rai Rg)Vempeo see, (Vo) 


Resistor Values 
TCVQUT Slopes) 10mV/°C 100mV/°C 10mV/°F 
Temperature Range -55°C to +125°C -55°C to +125°C -65°F to +257°F 


Ro (+1% Resistor) 5.11KQ 84.5KQ) 


Figure 3. Precision Electronic Thermometer 


REF-02 Voltage References 


Simplified Schematic Diagram 


R15 Trim 
30K (5) 


65-00968B 
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Voltage Regulators 


SECTION 9 


VOLTAGE REGULATORS 


Section 9 


RC4190 


RC4190 
Micropower 
Switching 
Regulators 


Features 

H High efficiency — 85% typical 

lm Low quiescent current — 215 pA 

Mi Adjustable output — 1.3V to 30V 

M@ High switch current — 150 mA 

m Bandgap reference — 1.31V 

@ Accurate oscillator frequency — +10% 

m@ Remote shutdown capability 

i Low battery detection circuitry 

m@ Low component count 

mM 8-lead packages including small outline 
(SO-8) 


Description 


The RC4190 monolithic IC is a low power 
switch mode regulator intended for miniature 
power supply applications. This DC-to-DC 
converter IC provides all of the active functions 
needed to create supplies for micropower 
circuits (load power up to 400 mW, or up to 
10W with an external power transistor). Con- 
tained internally are an oscillator, switch, 
reference, comparator, and logic, plus a dis- 
charged battery detection circuit. 


Application areas include on-card circuits 
where a non-standard voltage supply is 
needed, or in battery operated instruments 
where a 4190 can be used to extend battery 
lifetime. 


These regulators can achieve up to 80% 
efficiency in most applications while operating 
over a wide supply voltage range, 2.2V to 30V, 
at a very low quiescent current drain of 215 pA. 


The standard application circuit requires just 
seven external components for step-up opera- 
tion: an inductor, a steering diode, three resis- 
tors, a low value timing capacitor, and an 
electrolytic filter capacitor. The combination of 
simple application circuit, low supply current, 
and small packzige make the 4190 adaptable to 
a wide range of miniature power supply appli- 
cations. 


The 4190 is rnost suited for single ended step- 
up circuits because the internal switch transis- 
tor is referenceci to ground. It is complemented 
by another Raytheon micropower switching 
regulator, the 4391, which is dedicated to step- 
down and negaiive output (inverting) applica- 
tions. Between the two devices the ability to 
create all three \sasic switching regulator con- 
figurations is assured. Refer to the 4391 data 
sheet for step-down and inverting applications. 


With some opticnal external components the 
application circuit can be designed to signal a 
display when the battery has decayed below a 
predetermined lavel, or designed to signal a 
display at one level and then shut itself off after 
the battery deceys to a second level. See the 
applications section for these and other unique 
circuits. 


The 4190 microoower switching regulator 
consists of two devices, each with slightly 
different specifications. The RM4190 has a 
1.5% maximum output voltage tolerance, 0.2% 
maximum line regulation, and operation to 30V. 
The RC4190 has a 5.0% maximum output 
voltage tolerance, 0.5% maximum line regula- 
tion, and operation to 24V. Other specifications 
are identical. Eiach type is available in plastic 
and ceramic DiF’s, or SO-8 packages. 
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Voltage Regulators 


Connection Information 


Small Outline 
SO-8 


(Top View) (Top View) 


65-02666A 


65-00070A 


Pin Function 
1 Low Battery (Set) Resistor (LBR) 

Timing Capacitor (Cx) 
Ground 
External Inductor (Lx) 
+Supply Voltage (+Vs) 
Reference Set Current (Ic) 
Feedback Voltage (Vrp) 
Low Battery Detector Output (LBD) 


Absolute Maximum Ratings 
Supply Voltage (Without External Transistor) 
RM4 


19 say nsiens tonal Sodaievtnsiienseannaneneaieenees +30V 
FR sce sensistedebine rash strusuatecwartnvetarcenee +24V 
Storage Temperature 
PANO ie crea tetesioeevecn salar -65°C to +150°C 
Operating Temperature Range 
FIMIG 1 sis cs ieosevsewendacesuvnnnte -55°C to +125°C 
FOO aceccavernseceneranaceensnnenees 0°C to +70°C 
Switch Current ...........cccccccecceeeeeees 375 mA Peak 


8-Lead 
Plastic 
DIP 


Max. P, T, <50°C 
550 


‘ 833 mW 
[Therm Resdy [| ACW 
150°CIW 


Ordering Information 


Operating 
Part Number Package Temperature 
| Range 
RC4190M 0°C to +70°C 
RC4190N 0°C to +70°C 
RM4190D 
| RM4190D/883B 


-55°C to +125°C 
Notes: 


-55°C to +125°C 
/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 
D = 8 lead ceramic DIP 
M = 8-lead plastic SOIC 
Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 


Mask Pattern 


65-02687A 


Die Size: 66 x 67 mils 
Min. Pad Dimensions: 4x 4 mils 


Small 
Outline 
SO-8 


240 mW 
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Functional Biock Diagram 


65-2686 


Electrical Characteristics 
(+Vs = +6.0V, Ic = 5.0 vA unless otherwise noted, over the fuil 
operating temperature range) 


M 
Parameters Symbol | Conditions a 
ame 
Supply Voltage 
Reference Voltage 
(Internal) VREF 1.25 


Measure at Pin 5 


9.5 Vo < Vs < Vo fd 


| Vs = +0.5 Vo, 
P, = 150 mW 


Supply Current 


Line Regulation 


Load Regulation 


Reference Set Current 


Switch Leakage 
Current 


Supply Current 
(Disabled) 


Low Battery 
wi Current 


rr Raytheon 


RC4190 Voltage Regulators 


Electrical Characteristics (+Vs> = +6.0V, Ic = 5.0 vA, and Ta = +25°C unless otherwise noted) 


ron _fome a 
ee ee 
Supply Voltage = Voltage | Vg | | 30} 22]; | a} ov | 
aC CCCCCE 
wich carent [oy | Wee fone | ao 


eee 


ine ae a EA 
vies [Po cime CEL 


= +0.5 Vo, 
Operating Frequency 
Range’ 0.1 25 75 | 0.1 25 75 | kHz 


ie 
Stet tte ett 
Ee Ce 
eee flee fe) fel 
ger te el fel 
Ei 
ea 
Ee Ca 
Eel 
ea [abel fell To 


Note 1. Guaranteed by design. 
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Typical Performance Characteristics 


Minimum Supply Voltage 
vs. Temperature Quiescent Current vs. Temperature 
= ae ae 


Supply Voltage (V} 


Quiescent Current (uA) 


-_ 65-02670A 


O 65-02671A 


0 
-75 -50 -25 0 2 50 $75 100 12 
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Oscillator Frequency 
Reference Voltage vs. Temperature vs. Temperature 


Reference Vottage (V) 
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Oscillator Frequency 
vs. Supply Voltage 


Normalized Oscillator Frequency (°%) 
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Principles of Operation 
Simple Step-Up Converter 


The most common application, the step-up 
regulator, is derived from a simple step-up dc- 
to-dc converter (Figure 1). 


65-01646A 


Figure 1. Simple Step-Up DC-to-DC Converter 
(Vout > VBar) 


When switch S is closed the battery voltage is 
applied across the inductor L. Charging current 
flows through the inductor, building up a mag- 
netic field, increasing as the switch is held 
closed. While the switch is closed, the diode D is 
reverse biased (open circuit) and current is 
supplied to the load by the capacitor C. Until the 
switch is opened the inductor current will in- 
crease linearly to a maximum value determined 
by the battery voltage, inductor value, and the 
amount of time the switch is held closed (Ipeax 
= Veat/L x Ton). When the switch is opened, the 
magnetic field collapses, and the energy stored 
in the magnetic field is converted into a 
discharge current which flows through the 
inductor in the same direction as the charging 
Current. Because there is no path for current to 
flow through the switch, the current must flow 
through the diode to supply the load and charge 
the output capacitor. 


If the switch is opened and closed repeatedly, at 
a rate much greater than the time constant of 
the output RC, then a constant dc voltage will 
be produced at the output. 


An output voltage higher than the input voltage 
is possible because of the high voltage pro- 
duced by a rapid change of current in the 
inductor. When the switch is opened the in- 
ductor voltage will instantly rise high enough to 
forward bias the diode, to Voyt + Vp. 


In the complete 4190 regulator a feedback con- 
trol system adjusts the on time of the switch, 
controlling the level of inductor current, so that 
the average inductor discharge current equals 
the load current, thus regulating the output 
voltage. 


Complete Step-Up Regulator 


A complete schematic of the minimum step-up 
application is shown in Figure 2. The ideal 
switch in the dc-to-dc converter diagram is 
replaced by an open collector NPN transistor 
Q1. C1 functions as the output filter capacitor, 
and D1 and Ly replace D and L. 


When power is first applied, the current in R1 
supplies bias current to pin 6 (Ic). This current 
is stabilized by a unity gain current source ampli- 
fier and then used as bias current for the 1.31V 
bandgap reference. A very stable bias current 
generated by the bandgap is mirrored and used 
to bias the remainder of the chip. At the same 
time the 4190 is starting up, current will flow 
through the inductor and the diode to charge 
the output capacitor to Veat - Vp. 


At this point the feedback (pin 7) senses that the 
output voltage is too low, by comparing a divi- 
sion of the output voltage (set by the ratio of R2 
to R3) to the +1.31V reference. If the output volt- 
age is too low then the comparator output 
changes to a logical zero. The NOR gate then 
effectively ANDs the oscillator square wave with 
the comparator signal; if the comparator output 
is zero AND the oscillator output is low, then the 
NOR gate output is high and the switch tran- 
sistor will be forced on. When the oscillator goes 
high again the NOR gate output goes low and 
the switch transistor will turn off. This turning on 
and off of the switch transistor performs the 
same function that opening and closing the 
switch in the simple dc-to-dc converter does; 
i.e., it stores energy in the inductor during the 
on time and releases it into the capacitor during 
the off time. 


The comparator will continue to allow the oscil- 
lator to turn the switch on and off until enough 
charge has been delivered to the capacitor to 
raise the feedback voltage above 1.31V. 


Raytheon 9-7 


Section 9 


Thereafter this feedback system will vary the 
duration of the on time in response to chariges 
in load current or battery voltage (see Figure 3). 
If the load current increases (waveform C), then 
the transistor will remain on (waveform D) for a 


RC4190 


longer portion of the oscillator cycle, thus allow- 
ing the inductor current (waveform E) to buiid 
up to a higher peak value. The duty cycle of the 
switch transistor varies in response to changes 
in load and line. 


Lx 4 D1 
in °°. oe “7 
R1 Lx 
Ic 4190 | R2 
61 
+Vs VeBy 7 + 


Hi saat eased esd larva 


Osc REF 
| SNO Cx LBR LBD RS 
3 2 if Is 
@® NC NC 
Cx 


== Vout = VReF ( #6-+1) 


Figure 2. Minimum Step-Up Application 
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Figure 3. Step-Up Regulator Waveforms 
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The inductor value and oscillator frequency 
must be carefully tailored to the battery voltage, 
output current, and ripple requirements of the 
application (see Design Equations, page 10). If 
the inductor value is too high or the oscillator 
frequency is too high then the inductor current 
will never reach a value high enough to meet the 


*May not be required 


ag ~ -50Vs 
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load current drain and the output voltage will 
collapse. If the inductor value is too low or the 
oscillator frequency too low then the inductor 
current will build up too high, causing excessive 
output voltage ripple, or possibly over stressing 
the switch transistor, or possibly saturating the 
inductor. 


Lx Motorola 


MBR140P 


R4 = 10R5 


IMAX 65-02675A 


Figure 4. High Power Step-Up Application (up to 10W) 


Simple Step-Down Converter 


Figure 5 shows a simple step-down dc-to-dc 
converter with no feedback or control. 


VeaTt ——= 
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Figure 5. Simple Step-Down DC-to-DC 
Converter (Vo < VgarT) 


When S is closed the battery voltage minus the 
output voltage is applied across the inductor. All 
of the inductor current will flow into the load 
until the inductor current exceeds the load cur- 
rent. The excess current will then charge the 
capacitor and the output voltage will rise. When 
S is opened the voltage applied across the in- 
ductor will be reduced to Vout plus Vpiope, and 
the inductor will discharge into the load. As in 
the step-up case, the average inductor current 
equals the load current. The maximum inductor 
current Imax will equal (Vgat - VouT)/Lx times 
the maximum on time of the switch transistor. 
Current flows to the load during both half cycles 
of the oscillator. 
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Complete Step-Down Regulator 


Most step-down applications are better served 
by the 4391 step-down and inverting switching 
regulator (refer to the 4391 data sheet). 
However, there is a range of load power for 
which the 4190 has an advantage over the 4391 
in step-down applications. From approximately 
S00mW to 2W of load power, the 4190 step-down 
circuit of Figure 6 offers a lower component 
count and simpler circuit than the comparable 
4391 circuit, particularly when stepping down a 
voltage greater than 30V. 


Since the switch transistor in the 4190 is in 
parallel with the load a method must be used to 
convert it to a series connection. The circuit of 
Figure 7 accomplishes this. The 2N2907 
replaces S of Figure 6, and R6 and R7 are added 
to provide the base drive to the 2N2907 in the 
correct polarity to operate the circuit properly. 
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Greater Than 30V Application 


Adding a zener cliode in series with the base of 
the 2N2907 allows the battery voltage to in- 
crease by the value of the zener, with only a 
slight decrease in efficiency. As an example, if a 
24V zener is used, the maximum battery voltage 
can go to 48V* when using a 4190. Refer to 
Figure 7. 


Note, however, that the addition of the zener 
diode will not alter the maximum change of 
supply. With a 24V zener the circuit will stop 
operating when the battery voltage drops below 
24V + 2.2V = 26.2V. 


*Maximum battery voltage is 54V when using RM4190 
(SOV + 24V). 
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Figure 6. Complete Step-Down Regulator 
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Figure 7. Ste,»ping Down An Input Voltage 
Greater Than 30V 
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Design Equations 


The inductor value and timing capacitor (C 
value must be carefully tailored to the moat 
voltage, input voltage range, output voltage, 
and load current requirements of the applica- 
tion. The key to the problem is to select the 
correct inductor value for a given oscillator 
frequency, such that the inductor current rises 
to a high enough peak value (I,,,,) to meet the 
average load current drain. The selection of 
this inductor value must take into account the 
variation of oscillator frequency from unit to unit 
and the drift of frequency over temperature. 
Use 420% as a maximum change from the 
nominal oscillator frequency. 


The worst-case conditions for calculating ability 
to supply load current are found at the mini- 
mum supply voltage; use +V,, (min) to calculate 
the inductor value. Worst-case conditions for 
ripple are at +V, (max). 


The value of the timing capacitor is set accord- 
ing to the following equation: 


2.4 x 10°6 
fo (Hz)= *46° 


The squarewave output of the oscillator is 
internal and cannot be directly measured, but is 
equal in frequency to the triangle waveform 
measurable at pin 4. The switch transistor is 
normally on when the triangle waveform is 
ramping up and off when ramping down. Ca- 
pacitor selection depends on the application; 
higher operating frequencies will reduce the 
output voltage ripple and will allow the use of 
an inductor with a physically smaller inductor 
core, but excessively high frequencies will 
reduce load driving capability and efficiency. 


Find a value for the start-up resistor R1: 
RI = Vs - 1.2V 
5 pA 
Find a value for the feedback resistors R2 and 
R3: 


Ro = VouT - 1.31V 
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Where |, is the feedback divider current (rec- 
ommended value is between 50 yA and 100 


yA). 


Step-Up Design Procedure 


1. Select an operating frequency and timing 
capacitor as shown above (10 kHz to 40 
kHz is typical). 


2. Find the maximum on time (add 5 uS for the 
turn-off base recombination delay of Q1): 


__ 1 
TON = Oo +5 uS 


3. Calculate the peak inductor current |,,,, (if 
this value is greater than 375 mA, then an 
external power transistor must be used in 
piace of Q1): 


_ Vout + Vp - Vs ) 
IMax= | =} 2 
mee ( (fo) Ton [Vs-Vsw] / “* 
where: 
V, = Supply voltage 
vi = diode forward voltage 
|, = dc load current 
Vow = saturation voltage of Q1 (typ 0.5V) 


4. Find an inductance value for Ls: 


Lx (Henries) = (13 —Yaw_ TON 


The inductor chosen must exhibit approxi- 
mately this value at a current level equal to 


MAX" 
5. Calculate a value for the output filter 
capacitor: 


V 
Cah 


where V,, = ripple voltage (peak) 


Step-Down Design Procedure 
1. Select an operating frequency. 


2. Determine the maximum on time (T,,,,) as in 
the step-up design procedure. 


3. Calculate 1 ae 
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4. Calculate Ly: 


_{Vs - Vout 
Lx ( IMAX TON 


5. Calculate a value for the output filter 
Capacitor: 


Vce-V | 
Ton (4 s - Vout] Imax +) 


V 
Cr(uF) = Ve 


Alternate Design Procedure 


The design equations above will not work for 
certain input/output voltage ratios, and for these 
Circuits another method of defining component 
values must be used. If the slope of the current 
discharge waveform is much less than the slope 
of the current charging waveform, then the 
inductor current will become continuous (never 
discharging completely), and the equations will 
become extremely complex. So, if the voltage 
applied across the inductor during the charge 
time is greater than during the discharge time, 
use the design procedure below. For example, a 
step-down circuit with 20V input and 5V output 
will have approximately 15V across the inductor 
when charging, and approximately 5V when dis- 
charging. So in this example the inductor cur- 
rent will be continuous and the alternate 
procedure will be necessary. 


1. Select an operating frequency (a value 
between 10 KHz and 40 kHz is typical). 


2. Build the circuit and apply the worst case 
conditions to it, i.e., the lowest battery 
voltage and the highest load current at the 
desired output voltage. 


3. Adjust the inductor value down until the 
desired output voltage is achieved, then go a 
little lower (approximately 20%) to cover 
manufacturing tolerances. 


4. Check the output voltage with an oscillo- 
scope for ripple, at high supply voltages, at 
voltages as high as are expected. Also check 
for efficiency by monitoring supply and out- 
put voltages and currents [eff = (VouT) 
(lout)/(+Vs) (Isy) x 100%]. 
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5. If the efficiency is poor, go back to (1) and 
start over. If the ripple is excessive, then 
increase the output filter capacitor value or 
start over. 


Inductors 


Efficiency and load regulation will improve if a 
quality high Q inductor is used. A ferrite pot 
core is recommended; the wind-yourself type 
with an air gap edjustable by washers or spacers 
is very usefu! for bread boarding prototypes. 
Care must be taxen to choose a permeable 
enough core to 1andle the magnetic flux pro- 
duced at Inax; if the core saturates then effi- 
ciency and output current capability are severely 
degraded and excessive current will flow 
through the switch transistor. An isolated ac 
Current probe for an oscilloscope (example: 
Tektronix P6042) is an excellent tool for satura- 
tion problems; with it the inductor current can 
be monitored fo” nonlinearity at the peaks (a 
sign of saturation). 


Low Battery Detector 


An open collector signal transistor Q2 with 
comparator C2 provides the designer with a 
method of signaling a display or computer 
whenever the battery voltage falls below a pro- 
grammed level (‘see Figure 8). This level is 
determined by the +1.31V reference level and by 
the selection of wo external resistors according 
to the equation: 


R4 
VTi4 = VREF (Be + ') 


Where VtH = Threshold Voltage for Detection 


+V, 


R4 
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Figure 8. Low Battery Detector 
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When the battery voltage drops below this thresh- 


old Q2 will turn on and sink over 1500 A typi- 
cally. The low battery detector circuitry may also 
be used for other, less conventional applications 
(see Figures 14 and 15). 


Bias Current Shutdown 


The control current for the reference is an exter- 
nally set by a resistor from the |, pin to the bat- 
tery. This current can vary from 1.0 LA to 50 pA 
without affecting the operation of the IC. Inter- 
rupting this current will disable the entire circuit, 
causing the output voltage to go to OV for step- 
down applications, and reducing the supply 
current to less than 1.0 pA. 


Automatic shutdown of the 4190 can be achieved 


using the circuit of Figure 9. 
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Figure 9. Simple Automatic Shutdown 


A resistor is placed from the |, pin to ground, 
creating a voltage divider. When the voltage at 
the |, pin is less than 1.2V, the 4190 will begin to 
turn off. This scheme should only be used in 
limited temperature range applications since the 
“turn off” voltage at the |, pin has a temperature 
coefficient of -4.0 mV/°C. At 25°C, typically 250 
nA is the minimum current required by the |, pin 
to sustain operation. A 5.0 pA voltage divider 
works well taking into account the sustaining 


current of 250 nA and a threshold voitage of 0.4V 


at turn off. As an example, if 3.0V is to be the 
turn off voltage, then R9 = 1.1/4.75 yA and Rit - 
(3.0 - 1.1) 5.0 pA or about 240 kQ and 390 kQ 


respectively. The tempco at the top of the divider 


will be -4.0 mV (R1 + R9)/R9 or -10.5 mV/°C, an 
acceptable number for many applications. 


Another method of automatic shutdown without 


temperature limitations is the use of a zener diode 
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in series with the |, pin and set resistor. When 
the battery voltage falls below V, + 1.2V the 
circuit will start to shut down. With this con- 
nection and the low battery detector, the 
application can be designed to signal a display 
when the battery voitage has dropped to the 
first programmed level, then shut itself off as 
the battery reaches the zener threshold. 


The set current can also be turned off by 
forcing the |, pin to 9.2V or less using an 
external transistor or mechanical switch. An 
example of this is shown in Figure 10. 


In this circuit an external control voltage is 
used to determine the operating state of the 
4190. If the control voltage V,, is a logic 1 at 
the input of the 4021 (CMOS Triple NOR 
Gate), the voltage at the |, pin will be less than 
0.5V forcing the 4190 off (<0.1 HAI.,). both 
the 2N3904 and 2N2907 will be off insuring 
long shelf for the battery since less than 1.0 pA 
is drawn by the circuit. 


When V,, goes to a logic 0, 2.0 pA is forced 
into the |, pin through the 2.2 MQ resistor and 
the NOR gate, and at the same time the 
2N3904 and 2N2907 turn on, connecting the 
battery to the load. 


As long as V,, remains low the circuit wiil 
regulate the output to 5.0V. This type of circuit 
is used to back up the main supply voltage 
when line interruptions occur, a particularly 
useful feature when using volatile memory 
systems. 


Typical Step-Up Application 


Figure 11 shows a common application: a 
circuit to extend the lifetime of a 9.0V battery. 
The regulator remains in its quiescent state 
(drawing only 215 yA) until the battery voltage 
decays below 7.5V, at which time it will start to 
switch and regulate the output at 7.0V until the 
battery falls below 2.2V. 


If this circuit operates at tis typical efficiency of 
80%, with an output current of 10 mA, at 5.0V 

battery voltage, then the average input current 
will be 1. = (Voyy X |) + Mt a) * X ° or 7.0V x 

10 mA) + (5.0V x 0.8) = 17.5 
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Figure 10. Battery Back-Up Circuit 
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65-02680A 
Figure 11. Typical Application: 9.0V Battery Life I:xtender 
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Bootstrapped Operation 


In step-up applications, power to the 4190 can 
be derived from the output voltage by connect- 
ing the +Vs pin and the top of R1 to the output 
voltage (Figure 12). 


One requirement is that the battery voltage must 
be greater than 3.0V when the circuit is ener- 
gized or else there will not be enough voltage at 
pin 5 to start up the IC. The big advantage of 
this circuit is the ability to operate down to a 
discharged battery voltage of 1.0V. 


3.0V to 9.0V 


2 8 
TI: Cx Low 
F 
1 | Battery 
- Detector 
“Optional 
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Figure 12. Bootstrapped Operation 


Buck-Boost Application 


A disadvantage of the standard step-up and 
step-down circuits is the limitation of the input 
voltage range; for a step-up Circuit, the battery 
voltage must always be less than the pro- 
grammed output voltage, and for a step-down 
Circuit, the battery voltage must always be 
greater than the output voltage. The foilowing 
circuit eliminates this disadvantage, allowing a 
battery voltage above the programmed output 
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voltage to decay to weil below the output 
voltage (see Figure 13). 


The circuit operation is similar to the step-up 
Circuit operation, except that both terminals of 
the inductor are connected to switch transistors. 
This switching method allows the inductor to be 
disconnected from the battery during the time 
the inductor is being discharged. A new dis- 
charge path is provided by D1, allowing the 
inductor to be referenced to ground and inde- 
pendent of the battery voltage. The efficiency of 
this circuit will be reduced to 55-60% by losses 
in the extra switch transistor and diode. Effi- 
ciency can be improved by choosing transistors 
with low saturation voltages and by using power 
Schottky diodes such as Motorola’s MBRO30. 


+VBAT by Ly 


=o1$ re 
4N914 1.0mH 1N914 +VouT 
1K annie |} = = F 
or Equivalent T # 
R1 | 
1M R2 
Cx R3 
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Figure 13. Buck Boost Circuit (Vgat > or < Vout) 
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Voltage Dependent Oscillator 


The 4190's ability to supply load current at low 
battery voltages depends on the inductor value 
and the oscillator frequency. Low values of 
inductance or a low oscillator frequency will 
cause a higher peak inductor current and there- 
fore increase the load current capability. A large 
inductor current is not necessarily best, how- 
ever, because the large amount of energy 
delivered with each cycle will cause a large 
voltage ripple at the output, especially at high 
input voltages. This tradeoff between load cur- 
rent capability and output ripple can be im- 
proved with the circuit connection shown in 
Figure 14. This circuit uses the low battery 
detector to sense for a low battery voltage con- 
dition and will decrease the oscillator frequency 
after a pre-programmed threshold is reached. 


The threshold is programmed exactly as the 
normal low battery detector connection: 


R4 
VTH = VREF qn ui 1) 
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Figure 14. Step-Up Regulator With Voltage- 
Dependent Oscillator 
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When the battery voltage reaches this threshold 
the comparator will turn on the open collector 
transistor at pin 8, effectively putting C2 in paral- 
lel with Cy. This edded capacitance will reduce 
the oscillator frequency according to the follow- 
ing equation: 


En = 2.4 x 10°6 
0 Cy + C2 


Where C is in pF and Fo is in Hz. 


Component values for a typical application 
might be R2 = 330 kO, R5 = 150 kN, Cy = 100 pF, 
and C2 = 100 pF. These values would set the 
threshold voltage at 4.1V and change the oper- 
ating frequency from 48 kHz to 24 kHz. Note 
that this technique may be used for step-up, 
step-down, or inverting applications. 


Compensation 


When large values (> 50 kQ) are used for the 
voltage setting resistors, R2 and R3 of Figure 2, 
stray Capacitance at the Veg input can add a lag 
to the feedback response, destabilizing the 
regulator, increas ng low frequency ripple, and 
lowering efficiency. This can often be avoided 
by minimizing the stray capacitance at the Veg 
node. It can also Ibe remedied by adding a lead 
compensation cajacitor of 100 pF to 10 nF in 
parallel with R2 ir, Figure 2. 


Short Circuit Protection 


One disadvantage of the simple application cir- 
Cuits is their lack of short circuit protection, 
especially for the step-up circuit, which has a 
very low resistance path for current flow from 
the input to the output. A current limiting circuit 
which senses the output voltage and shuts down 
the 4190 if the output voltage drops too low can 
be built using the low battery detector circuitry. 
The low battery detector is connected to sense 
the output voltage and will shut off the oscillator 
by forcing pin 2 low if the output voltage drops. 
Figure 15 shows a schematic of a step-down 
regulator with this connection. 
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R3 and R4 set the output voltage, as in the cir- 
cuit of Figure 2. Choose resistor values so R5 = 
R3 and R4 = R2, and make R8 25 to 35 times 
higher than R3. When the output is shorted, the 
open collector transistor at pin 8 will force pin 2 
low and shut off the oscillator and therefore shut 
off the externa! switch transistor. The regulator 
will then remain in a low current off condition 
until power is removed and reapplied. C2 pro- 
vides momentary current to ensure proper start 
up. This scheme will not work with the simple 
step-up regulator, but will work with the boost- 
buck converter, providing shori circuit protec- 
tion in both step-up and step-down modes. 


4190/4391 + Power Supply 


A positive and negative dual tracking power 
supply using a step-up 4190 and an inverting 
4391 is shown in Figure 16. The inductor and 
Capacitor values were chosen to achieve the 
highest practical output currents from a +12V 
battery, as it decays, while keeping the output 
voltage ripple under 100mV,p at £15V output. 


10uF | 


R8 = 35(R3) 
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The circuit may be adapted to other voltages 
and currents, but note that the 4190 is step-up, 
sO Vout Must be greater than Vgar. 


The output voltages may both be trimmed by 
adjusting a single resistor value (R3 or R4), 
because the reference for the negative output is 
derived from +Voyrt. This connection also 
allows the output voltages to track each other 
with changes in temperature and line voltage. 


The timing capacitors are set up exactly as in 
the voltage dependent oscillator application of 
Figure 16. The values of R2, R5, C6, and C4 that 
are given were chosen to optimize for the +12V 
battery conditions, setting the threshold for 
oscillator frequency change at Vpart = +8.5V. 


As given, this power supply is capable of deliver- 
ing +45 mA and --15 mA with regulation, until the 
battery decays below 5.0V. 


For information on adjusting the 4391 to meet a 
specific application refer to the Raytheon 4391 
data sheet. 


Vout = 13i( 2 + 1) 
R3/ 
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Figure 15. Step-Down Regulator With Short Circuit Protection 
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Figure 16. RC4190/4391 Power Supply (+15V With Values Given) 


Negative Input, Negative Output Step-Up 
Regulator 


In the circuit of Figure 17, a bootstrap arrange- 
ment of supply and ground pins helps generate 
an output voltage more negative than the input 
voltage. On power-up, the output filter capaci- 
tor (C,) will charge through D2 and L,. When 
the voltage goes below -2.4V, the 4190 begins 
switching and charging C,. The output will 
regulate at a value equal to the reference 
voltage (1.31V) plus the zener voltage of D1. 
RZ sets the value of zener current, stabilized at 
1.31V/R2. 
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“Vout 


65-4131 


Figure 17. Negative Input, Negative 
Output Step-Up Regulator 
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Schematic Diagram 
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Troubleshooting Chart 


Symptom 


Draws excessive supply current on 
Start-up. 


Output voltage is low. 


Inductor “sings” with audible hum. 


Lx pin appears noisy — scope will not 
synchronize. 


-|Max 


, 


Time 
Inductor current shows nonlinear 
waveform. 


-|MAX 


: 


Time 
Inductor current shows nonlinear 
waveform. 


-|Max 


~< 
— 


Time 
Inductor current is linear until high 
Current is reached. 


Poor efficiency. 


Motorboating (erratic current pulses). 
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Possible Problems 


Battery not “stiff? — inadequate supply 
bypass capacitor. 

Inductance value too low. 

Operating frequency too low. 


Inductance value too high for Fo or core 
saturating. 


Not potted well or bo'ted loosely. 
Normal operating conidition. 


Inductor is saturating: 

1. Core too small. 

2. Core too hot. 

3. Operating frequency too low. 


Waveform has resistive component: 

1. Wire size too small. 

2. Power transistor lacks base drive. 

3. Components not rated high enough. 
4. Battery has high series resistance. 


External transistor lacks base drive or beta 
is too low. 


Core saturating. 

Diode or transistor: 

1. Not fast enough. 

2. Not rated for current level (high SAT). 
High series resistance. 

Operating frequency too high. 


Loop stability problern — needs feedback 


capacitor from Vout to pin 7 (100 to 1000pF). 


RC4190 
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Background Information 


During the past several years there have been 
various switching regulator ICs introduced by 

~ many manufacturers, all of which attended to 
the same market, namely controllers for use in 
power supplies delivering greater than 10W of 
DC power. Raytheon felt there was another area 
which could use a switching regulator to even 
more advantage the area of battery powered 
equipment. Battery powered systems have 
problems peculiar unto themselves: changes in 
supply voltage, space considerations, battery life 
and usually cost. The 4190 was designed with 
each of these in mind. 


The 4190 was partitioned to work in an eight pin 
package, making it smaller than other control- 
lers which go into 14 and 16 pin packages. 


Battery powered applications require the load as 
seen by the battery to be as small as possible to 
extend battery life. To this end, the quiescent 
current of the 4190 is 15 to 100 times less than 
controllers designed for nonbattery applications. 
At the same time the switch transistor can sink 
200mA at 0.4V, comparable to or better than 
higher powered controllers. As an example, the 
4190 configured in the step-up mode can supply 
5.0V at 40mA output with an input of 3.0V. 


Cost is usually a primary consideration in 
battery powered systems. The 4190, guaranteed 
to work down to 2.2V, can save the designer and 
end user money as well because battery costs 
decrease as the number of cells needed goes 
down. 


Raytheon 9-21 


Section 9 


RC4191/4192/4193 
Micropower Switching 
Regulators 


Features 


@ High efficiency — 80% typical 

@ Low quiescent current — 215 wA 
m@ Adjustable output — 2.2V to 30V 
@ High switch current — 150 mA 
@ Bandgap reference — 1.31V 

™ Remote shutdown capability 

@ Low battery detection circuitry 
@ Low component count 

@ Small 8-lead package 


Description 


Not recommended for new designs. Refer to 
RC4190 Data Sheet. The RC4193 series of 
monolithic ICs are low power switch mode regu- 
lators intended for miniature power supply 
applications. These dc-to-dc converter ICs pro- 
vide all of the active functions needed to create 
supplies for micropower circuits (load power up 
to 400 mW, or up to 10W with external power 
transistor). Contained internally are an oscillator, 
switch, reference, comparator, and logic, plus a 
discharged battery detection circuit. 


Application areas include on-card circuits where 
a non-standard voltage supply is needed, or in 
battery operated instruments where a 4193 can 
be used to extend battery lifetime. 


These regulators can achieve up to 80% effi- 
ciency in most applications while operating over 
a wide supply voltage range, 2.2V to 30V, ata 
very low quiescent current drain of 215 pA. 


RC4191/4192/4193 


The standard application circuit requires just 
seven external components for step-up opera- 
tion: an inductor, a steering diode, three 
resistors, a low value timing capacitor, and an 
electrolytic filter capacitor. The combination of 
simple application circuit, low supply current, 
and small package make the 4193 adaptable to a 
wide range of miniature power supply 
applications. 


The 4193 is most suited for single ended step-up 
circuits because the internal switch transistor is 
referenced to ground. It is complemented by 
Raytheon’s other micropower switching regu- 
lator, the 4391, which is dedicated to step-down 
and negative output (inverting) applications. 
Between the two devices the ability to create all 
three basic switching regulator configurations is 
assured. Refer to the 4391 data sheet for step- 
down and inverting applications. 


The 4191/92/93 series of micropower switching 
regulators consists of three devices, each with 
slightly different specifications. The 4191 has a 
1.5% maximum output voltage tolerance, 0.2% 
maximum line regulation, and operation to 30V. 
The 4192 has a 3.0% maximum output voltage 
tolerance, 0.5% maximum line regulation, and 
operation to 30V. The 4193 has a 5.0% maximum 
output voltage tolerance, 0.5% maximum line 
regulation, and operation to 24V. Other specifi- 
cations are identical for the 4191, 4192 and 4193. 
Each type is available in commercial, industrial, 
and military temperature ranges, and in plastic 
and ceramic DIPs. 


With some optional external components the 
application can be designed to signal a display 
when the battery has decayed below a pre- 
determined level, or designed to signal a display 
at one level and then shut itself off after the 
battery decays to a second level. See the appli- 
cations section for these and other unique 
Circuits. 
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Connection Information 


8-Lead 
Dual In-Line Package 
(Top View) 


65-00070A 


av 
=| 


Function 


Low Battery (Set) Resistor (LBR) 
Timing Capacitor (Cy) 

External Inductor (Lx) 

Ground 

+Supply Voltage (+Vs) 

Reference Set Current (Ic) 
Feedback Voltage (Vp) 

Low Battery Detector Output (LBD) 


CONOR WHD — 


Ordering Information 


Operating 
Part Number Package Temperature 
Range 


RC4191N 0°C to +70°C 
RC4192N 0°C to +70°C 
RC4193N 0°C to +70°C 


RV4191N -25°C to +85°C 
RV4192N -25°C to +85°C 
RV4193N -25°C to +85°C 


RM4191D -55°C to +125°C 
RM4192D -55°C to +125°C 
RM4193D -55°C to +125°C 
RM4191D/883B -55°C to +125°C 
RM4192D/883B -55°C to +125°C 
RM4193D/883B -55°C to +125°C 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

D = 8 lead ceramic DIP 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 


Voltage Regulators 


Mask Pattern 


Die Size: 66 x 67 mils 
Min. Pad Dimensions: 4x 4milsS — 65-01482a 


Functional Block Diagram 


65-1640 
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Absolute Maximum Ratings 


Supply Voltage (Without External 
Series Pass Transistor 


NON 5 ee sercssncrasencteneusiectsaevnnerauvesscedees +30V 

NSS saci coccaseonncs-daniesseeeweee en teeenenes +24V 
Storage Temperature 

PRO ae Sie uierctenestecernascaneins -65°C to +150°C 
Operating Temperature Range 

RM4191/2/3 ..........sceecccceeeees -55°C to +125°C 

PRV4E19 27S vsccssdessesesssssesseuses -25°C to +85°C 

ROA IES sisiaweasssovecszcerseteenes 0°C to +70°C 
Switch Current ................cccecceeeeeees 375 mA Peak 


RC4191/4192/4193 


Thermal Characteristics 


eS 
Plastic DIP | Ceramic DIP 
ioc | ei | 
Therm. Res. dj, 


For Ta > 50°C Derate at 6.25mW 8.33mW 
; per °C per °C 


Electrical Characteristics (Vs = +6.0V, Ic = 5.0 eee and Ta = Sa unless otherwise noted) 


Supply Voltage 


Min rasta aatiad wl are 
amie o 


Reference Voltage 


Switch | Switch Current = V3 = 400mV | 


Supply Current 


Efficiency 
Line Regulation 


Load Regulation Ly B= - 450mW. 


Reference Set Current Fig | 


Switch Leakage 
Current 


Pata saat tara 


ent et tala slot : 


{| fm] 


fae tat oom) 05) [aoa] 05 | 
Ea e Bongo 


ED eLsfal stator st 


re foe fon|s) fo 


Ht tele 


Supply Current 
sna [w= [ecm | efel [orfeol [ole 


Capacitor Charging 
Current 


Oscillator Frequency 
Tolerance 


Note 1: Guaranteed by sesiun, 


Low Battery 7 
vee [fel fe el Ta 
DECC 
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Electrical Characteristics (Continued) 
(Vs = +6.0V, Ic = 5.0 pA, and Ta, = +25°C unless otherwise noted) 


a ee 
mies yt nen [nl [mr [mr | [ 


apacitor Threshold 

vg [ome] tT fet Pf 
Capacitor Threshold 

(toll CS CR Ree 
a oC 
Low Battery = 0.4V, 

bt are esi |] 90] [sn] 0] [in] on] | ow 


a 6.0V, -* 5.0 A, unless otherwise noted, over the full operating temperature range} 


FSuppiyvotase | vs | ——SSs=«d8| «= 8] =| mle] lf 
Reference Voltage 

a SCC CCOCOCm 
novos |e [geprene| fall [afm] [ol 


Line Line Regulation =| /LineRegulation = | —|: 05 Vy <+Vs<Vo | 0.5 Vp <+V5 < Vo 5 <+Vs < Vo] | 1.0 | % Vo | % Vo 


a ee OeCOMCCS 


| Reference Set Current | Set Current | 50] 1. 0 1.0] 5.0} 50] 1.0 | 50 | 50] yA 


seer fe fom | Tel | [al ala 
ear fe [eww fe [a 
cm feel fel ll 
seco [TT be | | el ie 
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Typical Performance Characteristics 


Minimum Supply Voltage 
vs. Temperature 


300 


Supply Voltage (V) 
Quiescent Current (A) 
Z 


02670A 


65 
oS i) 


RC4191/4192/4193 


Quiescent Current vs. Temperature 
i a oa ee 


65-02671A 


-75 -50 -2 0 25 50 75 100 125 -75 -50 -25 0 22 SO 75 100 125 


Ambient Temperature (°C) 


Reference Voltage vs. Temperature 


1.32 
1.31 


1.30 


Reference Voltage (V} 


1.29 


Oscillator Frequency (Normalized °} 


1.28 


Ambient Temperature (°C) 


Oscillator Frequency 
vs. Supply Voltage 
+2.0 
3 
S +10 
= 0 
g 
3 
2-10 
= 
= 
-20 
0 5 10 15 20 


Supply Voltage (V) 
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-75 -50 -25 0 2 50 75 100 125 275-50 -25OO 20 SO 75 100 125 


Ambient Temperature (°C) 


Oscillator Frequency 
vs. Temperature 


65-02672A 


Ambient Temperature {°C} 


65-02667A 


29 30 
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Principles of Operation 
Simple Step-Up Converter 


The most common application, the step-up regu- 
lator, is derived from a simple step-up DC-to-DC 
converter (Figure 1). 


65-01646A 


Figure 1. Simple Step-Up DC-to-DC Converter 
(Vout > VBar) 


When switch S is closed the battery voltage is 
applied across the inductor L. Charging current 
flows through the inductor, building up a mag- 
netic field, increasing as the switch is held 
closed. While the switch is closed, the diode D is 
reverse biased (open circuit) and current is 
supplied to the load by the capacitor C. Until the 
switch is opened the inductor current will in- 
crease linearly to a maximum value determined 
by the battery voltage, inductor value, and the 
amount of time the switch is held closed (IpeaK 
= Veat/L x Ton). When the switch is opened, the 
magnetic field collapses, and the energy stored 
in the magnetic field is converted into a 
discharge current which flows through the 
inductor in the same direction as the charging 
current. Because there is no path for current to 
flow through the switch, the current must flow 
through the diode to supply the load and charge 
the output capacitor. 


If the switch is opened and closed repeatedly, at 
a rate much greater than the time constant of 
the output RC, then a constant DC voltage will 
be produced at the output. 


An output voltage higher than the input voltage 
is possible because of the high voltage pro- 
duced by a rapid change of current in the 
inductor. When the switch is opened the in- 
ductor voltage will instantly rise high enough to 
forward bias the diode, to Voyt + Vp. 


Voltage Regulators 


In the complete 4193 regulator a feedback con- 
trol system adjusts the on time of the switch, 
controlling the level of inductor current, so that 
the average inductor discharge current equals 
the load current, thus regulating the output 
voltage. 


Complete Step-Up Regulator 


A complete schematic of the minimum step-up 
application is shown in Figure 2. The ideal 
switch in the DC-to-DC converter diagram is 
replaced by an open collector NPN transistor 
Q1. C1 functions as the output filter capacitor, 
and D1 and Ly replace D and L. 


When power is first applied, the current in R1 
supplies bias current to pin 6 (Ic). This current 
is stabilized by a unity gain current source ampli- 
fier and then used as bias current for the 1.31V 
bandgap reference. A very stable bias current 
generated by the bandgap is mirrored and used 
to bias the remainder of the chip. At the same 
time the 4193 is starting up, current will flow 
through the inductor and the diode to charge 
the output capacitor to Veat — Vp. 


At this point the feedback (pin 7) senses that the 
output voltage is too low, by comparing a divi- 
sion of the output voltage (set by the ratio of R2 
to R3) to the +1.31V reference. If the output volt- 
age is too low then the comparator output 
changes to a logical zero. The NOR gate then 
effectively ANDs the oscillator square wave with 
the comparator signal; if the comparator output 
is zero AND the oscillator output is low, then the 
NOR gate output is high and the switch tran- 
sistor will be forced on. When the oscillator goes 
high again the NOR gate output goes low and 
the switch transistor will turn off. This turning on 
and off of the switch transistor performs the 
same function that opening and closing the 
switch in the simple DC-to-DC converter does; 
i.e., it stores energy in the inductor during the 
on time and releases it into the capacitor during 
the off time. 


The comparator will continue to allow the oscil- 
lator to turn the switch on and off until enough 
charge has been delivered to the capacitor to 
raise the feedback voltage above 1.31V. 
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Thereafter this feedback system will vary the longer portion of the oscillator cycle, thus allow- 
duration of the on time in response to changes ing the inductor current (waveform E) to build 

in load current or battery voltage (see Figure 3). up to a higher peak value. The duty cycle of the 
If the load current increases (waveform C), then switch transistor varies in response to changes 
the transistor will remain on (waveform D) for a in load and line. 


oO + 


Ri ae VouT = Ver ( fe +1) 


er 


= Vout = YREF ( #5 -+1) 65-01641A 


Figure 2. Minimum Step-Up Application 
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Figure 3. Step-Up Regulator Waveforms 
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Design Equations 


The inductor value and timing capacitor (Cx) 
value must be carefully tailored to the input 
voltage, input voltage range, output voltage, and 
load current requirements of the application. The 
key to the problem is to select the correct 
inductor value for a given oscillator frequency, 
such that the inductor current rises to a high 
enough peak value (Ijax) to meet the average 
load current drain. The selection of this inductor 
value must take into account the variation of 
oscillator frequency from unit to unit and the 
drift of frequency over temperature. Use +20% 
as a maximum change from the nominal oscil- 
lator frequency. 


The value of the timing capacitor is set accord- 
ing to the following equation: 


-6 
fo (Hz) = #4200 


The squarewave output of the oscillator is inter- 
nal and cannot be directly measured, but is 
equal in frequency to the triangle waveform 
measurable at pin 3. The switch transistor is 
normally on when the triangle waveform is 
ramping up and off when ramping down. Capa- 
citor selection depends on the application; 
higher operating frequencies will reduce the 
output voltage ripple and will allow the use of an 
inductor with a physically smaller inductor core, 
but excessively high frequencies will reduce 
load driving capability and efficiency. 


Find a value for the start-up resistor R1: 
_ Vs-1.2V 
R1 = 
5yuA 


Find a value for the feedback resistors R2 and 
R3: 


Vot iT — 1.31V 
lA 
1.31V 
la 


Where Ia is the féedback divider current 
(recommended value is between 50uA and 
100yuA). 


R2 = 


R3 = 


Voltage Regulators 


Step-Up Design Procedure 


1, 


3. 


Select an operating frequency and timing 
Capacitor as shown above (10kKHz to 40kHz 
is typical). 

Find the maximum on time (add 5uS for the 
turn-off base recombination delay of Q1): 


1 
TON = Qo + 5uS 


Calculate the peak inductor current Imax (if 
this value is greater than 375mA, then an 
external power transistor must be used in 


place of Q1): 
IMAX = (_ 2s + Vp - Vs ) ai, 
(fo) Ton [Vs - Vsw] 


Where: 

Vs = Supply Voltage 

Vp = Diode Forward Voltage 
I = DC Load Current 

Vsw = Saturation Voltage of Q1 


(typically 0.5V) 
Find an inductance value for Lx: 
Lx (Henries) = (s— sw) TON 
IMAX 


The inductor chosen must exhibit approxi- 
mately this value at a current level equal to 


IMAX: 
Calculate a value for the output filter 


Capacitor: 
Vs | 
Ton Se*.) + 
Cr (uF) = —— 


Where Vr = Ripple Voltage (peak) 


Step-Down Design Procedure 


Le 
2. 


Select an operating frequency. 


Determine the maximum on time (Ton) as in 
the step-up design procedure. 


Calculate Imax: 


i. 


Vs - Vout 4 ) 


IMAX = 
(fo) (Ton) (STOUT 
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4. Calculate Ly: 


Vs - Vout 

L -( \r 

X IMAX ON 

5. Calculate a value for the output filter 
Capacitor: 


Vs=Vourl i 

Ton ( S ye MAX +t.) 
a: eee, © | 5 |) een 

Cr(uF) = Vr 


Alternate Design Procedure 


The design equations above will not work for 
certain input/output voltage ratios, and for these 
circuits another method of defining component 
values must be used. If the slope of the current 
discharge waveform is much less than the slope 
of the current charging waveform, then the 
inductor current will become continuous (never 
discharging completely), and the equations will 
become extremely complex. So, if the voitage 
applied across the inductor during the charge 
time is greater than during the discharge time, 
use the design procedure below. For example, a 
step-down circuit with 20V input and 5V output 
will have approximately 15V across the inductor 
when charging, and approximately 5V when dis- 
charging. So in this example the inductor cur- 
rent will be continuous and the alternate 
procedure will be necessary. 


1. Select an operating freauency (a value 
between 10kHz and 40kHz is typical). 


2. Build the circuit and apply the worst case 
conditions to it, i.e., the lowest battery 
voltage and the highest load current at the 
desired output voltage. 


3. Adjust the inductor value down until the 
desired output voltage is achieved, then go a 
littie lower (approximately 20%) to cover 
manufacturing tolerances. 


4. Check the output voltage with an oscillo- 
scope for ripple, at high supply voltages, at 
voltages as high as are expected. Also check 
for efficiency by monitoring supply and out- 
put voltages and currents (eff = (Vout) 
(lout)/(+Vs) (Igy) x 100%). 


RC4191/4192/4193 


5. If the efficiency is poor, go back to (1) and 
start over. If the ripple is excessive, then 
increase the output filter capacitor value or 
start over. 


inductors 


Efficiency and load regulation will improve if a 
quality high Q inductor is used. A ferrite pot 
core is recommended; the wind-yourself type 
with an air gap adjustable by washers or spacers 
is very useful for bread boarding prototypes. 
Care must be taken to choose a permeable 
enough core to handle the magnetic flux pro- 
duced at ivax; if the core saturates then effi- 
ciency and output Current capability are severely 
degraded and excessive current will flow 
through the switch transistor. An isolated AC 
current probe for an oscilloscope (example: 
Tektronix P6042) is an excellent tool for satura- 
tion problems; with it the inductor current can 
be monitored for nonlinearity at the peaks (a 
sign of saturation). 


Low Battery Detector 


An open collector signal transistor Q2 with 
comparator C2 provides the designer with a 
method of signaling a display or computer 
whenever the battery voltage falls below a pro- 
grammed level (see Figure 8). This level is 
determined by the +1.31V reference level and by 
the selection of two external resistors according 
to the equation: 


R4 
VTH = VREF (ae " ' 


Where Vr+H = Threshold Voltage for Detection 


65-1651 


Figure & Low Battery Detector 
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RC4292 
Negative Switch 
Mode Power 
SupplyController 


Features 

Converts a negative voltage into positive 
and/or negative voltages 

Wide application voltage range: -20V 
minimum, -120V maximum 

High efficiency: 70% typical 

Adjustable output voltage 

Accurate osciilator frequency: +10% 
Wide frequency range: 20 kHz to 100 kHz 
Bandgap voltage reference; 50 ppm/°C 
Good line regulation: 0.1%/V 

PWM feedback circuitry 

Short circuit protection 

Soft start 

8-lead mini DIP 

Load power up to 10W 

Undervoitage lockout 


Applications 

—@ Small power supplies 

@ Local on-card regulators 

mi Telephone peripheral equipment 
m Converts -48V off-hook voltage 
M@ Battery operated equipment 


Description 


The RC4292 is a monolithic IC containing all 
the high level functional blocks required to build 
smaii power supplies. Although designed 
specifically for converting -48V off-hook 


RC4292 


telephone power at PBX and branch office 
exchanges, this IC is versatile and can be used 
for a variety of DC-to-DC converter 
applications, such as on-card regulators and 
battery operated equipment. The RC4292 
controller IC interfaces with a transistor which 
serves as the power switch. A 350 mA output 
current drives this power switch transistor, 
which in iurn controis the current in primary of a 
transformer. Passive components are used to 
steer and filter the transformer current, set the 
output voltage, set the level of current limiting, 
and determine the free-running oscillator 
frequency. 


Contained internally are seven major circuit 
functions: temperature stabilized voltage 
reference, error amplifier, temperature 
stabilized oscillator, current comparator, PWM 
control flip-flop and logic, shunt regulator, and 
an output driver to interface with the external 
transistor. The combination of these elements 
with a simple application circuit yields a 
compact and efficient power supply. The high 
efficiency, low quiescent current, small size, 
and wide input voltage range of the 4292 make 
it ideal for telephone peripherals and also many 
other negative input switch mode regulator 
applications. 


Part Number Package 
Range 
Notes: 
Contact a Raytheon sales office or representative for 


Operating 
RC4292N 0°C to +70°C 
-55°C to +125°C 
N = 8-lead plastic DIP 
ordering information on special package/temperature 


Ordering Information 
Temperature 
RM4292D 
D = 8 lead ceramic DIP 
range combinations. 
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Connection Information 


8-Lead Dual In-Line Package 
(Top View) 


§5-00070A 


A 
5 


Function 

CX — Timing Capacitor 
-VFB — Error Amp Input 
+VFB — Error Amp Input 
Vrer — Reference Voltage 
-Vs — Negative Shunt 

Vprive — Output 

le-—3 — Current Limit Feedback 
GND — Ground 


CONOR WD — 


Absolute Maximum Ratings 


Internal Power Dissipation ........... 750 mW 
Storage Temperature 

ONCE: ccensavetseusoeeeee -~65°C to +150°C 
Lead Soldering Temperature 

(GU SEC) s60n8500464005s40e0e8s dos +300°C 
Output Drive Current ................ 750 mA 
SHUNT CURPOAL bacsscatuaereewsrsdoves 20 mA 
Vorive Voltage ...........e eee -17V to +1.0V 


Thermal Characteristics 


8-Lead 8-Lead 
Plastic Ceramic 
DIP DIP 


Max. Junction Temp. +175°C 
Max. Pp Ta < 50°C 468mW 833mW 


Therm. Res. jc | =| 45°C 
Therm. Res. 65a 160° C/W 150° C/W 


For Ta > 50°C Derate at 6.25mW 8.33mW 
per °C per °C 


Functional Block Diagram 


65-03411A 


Description of Functional Blocks 


Oscillator — The oscillator generates a 
time base for the Vprive pulse. The frequency 
of oscillation is set by a low-value external 
capacitor connected between Cy and ground. 


Error Amplifier — Here the feedback 
signals +Veg and -Veg are compared, and the 
error amplifier output generates an error signal 
proportional to the input difference. 


GB) Current Comparator — This circuit com- 
pares the output of the error amplifier to a sig- 
nal proportional to the current in the primary of 
the transformer (derived via a low value resistor 
in series with the transformer). If the lrg signal 
is greater than the error signal, the control F/F 
is reset and the external power transistor will 
turn off. 


@) Control F/F — The control F/F ensures that 
the external power transistor receives only one 
pulse for each oscillator cycle. 


Output Driver — This circuit amplifies the 
control F/F output and provides a fast switching 
signal to drive the gate of an external power 
MOSFET or BJT. 


©) Voltage Reference — Generates a voltage 
reference (-5.0V) for the voltage feedback and 
also generates internal bias currents. 


@) Shunt Regulator — The shunt regulator 
acts like a zener diode to clamp the voltage 
across the 4292, thus regulating the supply 
voltage applied to the 4292 to within safe limits. 
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Electrical Characteristics (Vs = -30V, R3 = 5k, Ta = +25°C unless otherwise specified) 


| Min | Max 

vem [te func [a sm [se 
Output Voltage VREF IRer = OMA -4.850 -5.000 -5.150 Volts 
Line Regulation Vg=-30Vto-60v | = | 015 | 02 | %Vour 
Load Regulation lIRer = t200uA a % VouT 
| ppm/°C 


Temperature Coefficient TCyrer a 50 
Short Circuit Current lRer Short a mA 
Output Voltage Vr Ri(REF) = 19kO -4.800 -5.000 -5.200 Volts 


Typ 
0.2 


-1000 +1000 mV 
-15.0 -16.5 Volts 
.O 0.5 1.0 Volts 


120 KHz 


Shunt Regulator Section 
Output Voltage 


Line Regulation 


Start-Up Voltage R3 = 00 at Pin 5 
IsH = 4.0mMA max. 


1 


Load Regulation 


Oscillator Section 
Frequency Range 


NO 
oO 


Cy = 43pF for max 
Cy = 243pF for min 


Feedback Section 
Gain to Current AV 8.0 
Comparator 
Offset Voltage to +30 mV 
Comparator 
Gain Amplifier 
Input Offset Current Vos Gain Amp nA 
Output Section 
Vorive High VpbH Referred to Pin 8 -1.8 Volts 
ll =1mA 
VDRIVE Low VoL Referred to Pin 5 2.0 Volts 
IL =ImA 


=. 
> 
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Electrical Characteristics (Continued) 
(Vs = -30V, R3 = 5k over full operating temperature range unless otherwise specified) 


[Test conations [win | yp _[ Max | Unio 


aaa 


Parameters 


Reference Section 
Output Voltage 


Line Regulation 
Load Regulation 
Short Circuit Current 


ISHORT 


Wige Vg = -30V to -60V | -1500 +1500 


Shunt Regulator Section 
Output Voltage 


Line Regulation 


Load Regulation 


Oscillator Section 
Frequency Range 


aa 


CX, = 43pF 


Feedback Section 
Gain to Current 
VbH Referred to Pin 8 Volts 
I =1mA 


Comparator 


< 


Output Section 
Vorive High 


Vprive Low 


Referred to Pin 5 
IL = =1mA 


re ee 


ISOURCE 


Sink Current 


Source Current 


A note on terminology: to minimize possible confusion in discussing a circuit which is designed “upside-down” with 
respect to standard positive-input switching regulators, the terms “greater” and “lesser” and “minimum” and “maximum” 
will refer to the magnitude or absolute value of a parameter and not to its polarity. Negative currents and voltages will stil 
be referred to as negative, however, as in “-150uA” etc. 
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Mask Pattern 


65-03430A 


Die Size: 95 mils < 123 mils 
Min. Pad Dimensions: 4 mils < 4 mils 


Typical Performance Characteristics 


Oscillator Frequency vs. Cx Vep VS. lrg 
200 
10+3 
{= 28 + 0.17 Cx kHz — : in pF 

ive 

i | | = 100 
N 7 10+3 ! Te 
= Cx = 5.9(10° - 2.8) pF — fin kHz 5 
> 2 
2 -~ 

S a * 
“4 £ 
re —y 

E 100 
@ 

-200 

-30 20 10 0 10 20 30 


Ves diff (mV) 
(+VeB) - (-VeB) 
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Typical Performance Characteristics (Continued) 


Typical Oscillator Waveform Shunt Regulator Current vs. Voltage 


Circuit 
Powers On 


Voltage at Cy Pin (Volts) 
Shunt Regulator Current (mA) 


a -2.3V -20 kHz 
-2.4V -100 kHz 


65-03415A 


-15 
Time (uS) Shunt Regulator Voltage (Volts) 


Vrer Change vs. Load 
Vprive Mode vs. Shunt Voltage 


EY, GQ 


-10 5 


Normal 
Operating 
Mode 


RV 


NZ 


65-03416A 


Vprive Operating Mode 
Change in Vrer with Load (mV) 


65-03417A 


Shunt Regulator Voltage (Volts) 
Load on Vrer (mA) 


Typical Reference Voltage Change 
vs. Temperature 


% Change From 25°C Value 


65-03418A 


Ambient Temperture (°C) 
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Typical Performance Characteristics (Continued) 


Reference Broadband Noise 


10 mV 


Reference Voltage 
Output in an 
Application Circuit 
With Load Oscillator 
Frequency = 100 kHz 


RMS Voltage Noise 
S 
= 
< 


Reference Voltage 
Output With 
Oscillator Held Off 


0 0.1 0.2 03 #04 O05 06 07 O08 O89 1 65-03419A 


Frequency (MHz) 


Typical Oscillator Frequency Change 


Reference Noise 0-100 kHz 
vs. Temperature 


105 


Set for 
100 kHz at 25°C 


RMS Voltage Noise 
Normalized Oscillator Frequency (kHz) 


-55 0 +25 +75 +125 
0 10 20 30 40 50 60 70 80 90 100 Ambient Temperature (°C) 
Frequency (kHz) 
Response Time of lrg to Vorive High Error Amplifier Response Time 
vs. Off Overdrive 


@ 6 

WW 

> — 

3 4 

= = 

ra) = 4 

® 

E = 

- = 

: ST 

ea 

a b. 2 ri 

2 o 

: PET tl ace 

5 5 : 

Q 3 Ze On Overdrive = 5.0 mV _ 3 
3 0 b 

0 10 20 30 40 
lpg Overdrive (mV) Off Overdrive (mV) 
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Typical Performance Characteristics (Continued) 


Error Amplifier Input Bias Current 
vs. Input Differential Voltage 


Change in 


Current (nA) 
on. -10 —T' 10 f29 Input 
7 Voltage (mV) 


[ 
: 


fl 


Ves Bias Current (nA) 
LM 
3 


: 
i) 
il 


-200 
-400 -300 -200 -100 0 100 200 
Vin Diff (mV) 
(+VeB) - (-VeB) 


Principles of Operation 
Simple Flyback Circuit 


Flyback voltage regulators and voltage con- 
verters are based on a two-cycle energy transfer. 
First, energy is stored in an inductor, and then it 
is transferred to the load capacitor. 


A simplified diagram of a negative input, positive 
Output voltage inverter circuit with ideal com- 
ponents is shown in Figure 1. When the switch 
S1 is closed, charging current from the battery 
flows through the inductor L1, which builds up a 
magnetic field, increasing as the switch is held 
closed. When the switch is opened, the mag- 
netic field collapses, and the energy stored in 
the magnetic field is converted into a current 
which flows through the inductor in the same 
direction as the charging current. Because there 
is no path for this current to flow through the 


ll 
a 


Irs Input Bias Current 
vs. Input Voltage 


+1 is Current 
Into I¢g Pin 


< 

E 

= 

® 

J 

= 

O 

8 

a 

ao 

" ‘ 
$ s 

300 -25 -2.0 -1.5 -1.0 -0.5 0 0.5 1.0 


lFB Input Voltage (V) 


switch, the current must flow through the diode 
to charge the capacitor C1. The key to the inver- 
sion is the ability of the inductor to become a 
source when the charging current is removed. 


The equation V = (L)(dI/dT) gives the maximum 
possible voltage across the inductor; in the 
actual application, feedback circuitry and the 
output capacitor will decrease the output volt- 
age to a regulated fixed value. 


During discharge, the current in inductor L1 
decreases and when it reaches zero, diode D1 
stops conducting. It should be noted that the 
rate of change (with time) of the current in an 
inductor is proportional to the voltage across the 
inductor and inversely proportional to the induc- 
tance. Also, the load voltage and/or current can 
be regulated by controlling the on time of switch 
S1. It should also be noted that the load capaci- 
tor stores the energy until it is used by the loa” 


gr? 
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[1] +Vout 


VOLTAGE FEEDBACK 


- SWITCH 


CONTROL 


C1 (LOAD CAP) 
GND (IN) 


[] GND 


S1 CLOSED 
OPEN 


VouT- 
-ViIn — 
Gl 
at > Vin/L 
IL Oo 
Ipx 


Figure 1. Simple Flyback Converter (Negative Input, Positive Output) 
Transformer Flyback Circuit be produced with a negative input. Transformers 
can be operated in two input to output modes. 
In 4292 applications, S1 is an external transistor When the input and output current flow at the 
switch connected to ground, not the negative same time it is called a feed forward trans- 
supply input. So, a simple inductor cannot be former. If the input current flow and the output 
used to supply a positive Voyrt. But if L1 is re- current flow alternates, one preceding the other, 


placed with a transformer, a positive Voyt can it is a flyback transformer. 
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ILOAD 


D1 A C1 Vout 
GND IN 
@ B Ss 
$1 
= a i mn - 
SWITCH |___ J 
CONTROL | 
-ViN 
® e 


N1 


CLOSED | | 


OPEN 
o—= 


-ViN 


SPIKE FROM 
STRAY FLUX 


re 
“| 


Ipx LOAD = Ipxin ee 


ILOAD 


eee eee 
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Figure 2. Transformer Flyback Circuit (Negative Input, Positive Output) 
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Because the magnetic flux paths in a trans- 
former are common to both windings, the volt- 
age at V1 changes almost instantly down and 
the voltage at V2 changes almost instantly up 
until D1 starts to conduct. The energy that was 
stored in the form of flux is transferred to the 
load capacitor. When only winding N1 or N2 is 
conducting current they act as simple inductors, 
and the equations for determining the type of 
transformer used can be derived from this fact. 
An additional key idea in deriving these equa- 
tions is that the flux in the core is the same just 
before and just after S1 opens. If N1 and N2 
share all the same flux paths then L1/# turns N1 
= L2/# turns N2. Also, if the stray capacitance is 
zero then (lijj PK)(#N1) = (lout PK) (#N2). 


If the two-cycle energy transfer is examined it 
can be seen that the energy stored in the 


inductor is stored in the form of magnetic flux. A 


simple inductor stores and removes the energy 
with the same winding. But a flyback trans- 
former stores energy with one winding and 


removes energy with a second winding. Figure 2 


shows the basic operation of a negative input 
positive output switching regulator having a 
ground connected switch and flyback trans- 
former. The operation is very much like the 
operation of the circuit shown in Figure 1. 


As before, the first cycle starts with the closing 
of S1; this pulls V1 up to ground and current 
starts from zero and ramps up in winding N1. 
This stores energy in the magnetic flux in the 
core of the flyback transformer. After a control- 
led time switch S1 opens and the energy is 
transferred from the core to the secondary, and 
then to the output. 


RC4292 


Complete 4292 Application 


The circuit of Figure 3 is similar to Figure 2 but 
includes the 4292 as the controller IC and also 
includes all the external components needed to 
produce positive output voltages. 


When -Vixy power is applied to this circuit, the 
first event is the shunt regulator starting up. It 
limits the voltage applied to the IC and prevents 
overvoltage. It also provides a pre-regulator for 
the IC supply voltage, which helps improve line 
regulation and PSRR. The next event is the acti- 
vation of the internal voltage reference (pin 4). 
This reference serves two purposes: it provides 
a temperature stabilized voltage to compare the 
feedback signal to, and it also generates bias 
Currents that power up the other functional 
blocks inside the IC. 


At this time the error amplifier will sense that the 
output voltage is lower than it should be, and 
sends an error signal to the PWM circuitry in the 
control section. The PWM circuitry will begin 
switching the external FET switch (M1), and the 
output voltage will increase. When the output 
voltage reaches its regulated value the PWM cir- 
Cuitry will decrease the peak transformer current 
to maintain the output at a constant value. 


Functional Description of the 
Components in the Complete 4292 
Application (Figure 3) 


R1, R2 — Their ratio determines Voyt. The 
equivalent resistance of this combination should 
be kept in the range from 25 kQ. to 100 kQ. to 
minimize input bias current and input current 
noise errors. A good choice of resistor type is 
RN55 metal film. 
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Typical Specifications for 4292 Flyback Application (Figure 3) 
(Ta = +25°C, Vout = +5.0V unless otherwise specified) 


R3 = 5kQ, -60V to -30Vin, 
I = 60mMA 


Vin = -48V, IL = 10mA to 120mA 
Vin = -48V, IL =O to 10mMA 


R3 = 7.5kQ, Vin = -48V 
ILOAD = 120mMA 


Output Ripple Vin = 48V, IL = 120mA 


+VouT 


VouT _ Vrer 


R1 R2 
R1//R2 = R7 = 50K 


65-03202B 


Figure 3. Complete 4292 Application Circuit (Negative Input, Positive Output) 
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R3 — Sets the shunt regulator current. This cur- 
rent and the power loss in R3 represent the 
major sources of efficiency losses in a typical 
4292 application. A simple resistor here is best 
for applications having a fixed input voltage; for 
variable supply voltages, a current source such 
as that shown in Figure 4 can help keep effici- 
ency high over a wide range of input voltage. 


To Pin 5 
25K 
2N6122 
~ 5.1V 510 
Zener 1/2W 


-ViN 


65-03426A 


Figure 4. Current Source for IsHuNT 
(instead of R3) 


Other alternatives include putting an extra wind- 
ing on the transformer and generating the shunt 
current from that with a rectifier diode and filter 
cap, or if a negative output greater than -15V is 
already being generated, a bootstrap circuit can 
be made by tapping that output with a diode 
and resistor connected to pin 5. 


R4 — This low value (0.51) resistor sets the 
maximum switch current. Current through the 
switch M1 develops a voltage across this resistor 
which is sensed by the current comparator. The 
level at which this voltage triggers the current 
comparator to end the cycle is a function of the 
amount of differential signal received by the 
error amplifier; see the graph of Veg vs. lrg 
under Typical Performance Characteristics. The 
purpose of designing this characteristic into the 
IC, instead of a fixed-value current limit, was to 
ensure that each cycle delivers the correct 
amount of charge to the output. For example, if 
the output is only lightly loaded, AV¢eg will be 
very small with each cycle because the filter 
capacitor will not droop very much. Under these 
conditions it is desirable to keep each charging 


RC4292 


pulse small (by truncating the “on” portion of 
the cycle) to reduce output voltage ripple. The 
current comparator accomplishes this task, 
keeping ripple low over a wide range of load 
currents. 


R5 — This resistor holds the power FET “off” 
during startup or any time the 4292 is inactive. 


R6 — Provides for a signal loss in the gate drive 
to the FET to prevent possible oscillation (not 
always required). 


R7 — Cancels input bias current errors at the 
error amplifier inputs (optional). 


R8 — Part of a “scrubber” network that 
dampens ringing on the FET drain and trans- 
former primary. This network reduces voltage 
spikes that might potentially overvoltage and 
damage the FET — depending on the type of 
FET used, the supply voltage, and the character- 
istics of the transformer, this scrubber network 
may not be required. A small increase in effici- 
ency may be gained by omitting it. 


Cy — Determines the oscillator frequency. Silver 
mica-type capacitors are recommended, as they 
have good temperature coefficients generally. 
See the graph of Oscillator Frequency vs. 
Timing Capacitor Value to select an appropriate 
value. 


Operating frequencies in the range from 60 kHz 
to 100 kHz are typical. High frequencies will 
allow the use of a transformer having a small 
physical size; lower frequencies will help effici- 
ency, as capacitive switching losses will be 
reduced. 


C2 — Acts as a filter for the feedback signal. 
This low-value capacitor may not always be 
needed. 


C3 — Part of the “scrubber” network — see R8. 


C4,C5 — These capacitors filter the shunt regu- 
lator voltage. If the shunt current becomes too 
low to supply the 4292 properly, the output will 
shut down and turn on with low frequency 
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(“motor boating”). This frequency will vary with 
the value of C5. C4 should have low impedance 
to high frequencies, as its purpose is to filter 
switching noise. 


C6,C7 — Output filter capacitors. 
D1 — Part of the “scrubber” network — see R8. 


D2 — Rectifier diode for output. A power 
Schottky diode, such as a 1N5819, is recom- 
mended so as to maintain high efficiency. 


M1 — MOSFET power switch. The fundamental 
limitation on the maximum load power that can 
be extracted from a 4292 power supply is 
determined by the gate-to-drain capacitance of 
the external FET. Although specifically designed 
to drive capacitive loads, the Vprive output will 
not switch large FETs (Ip > 10A). The maximum 
FET size is also affected by the ratio of -Vjj, to 
Vout, since that ratio determines the effective 
gain of the FET and therefore its Miller capaci- 
tance. Recommended medium-power types 
follow: 


e International Rectifier IRF9633 
(1.20 channel resistance, 150V breakdown) 


@ Motorola MTP5P18 
(1.00 channel resistance, 180V breakdown) 


Negative Input, Negative Output 
Regulator (Figure 5) 


The circuit in Figure 5 is a negative input- 
negative output step-down switching regulator. 
It operates similarly to the circuit shown in 
Figure 3 except that the transformer and output 
diode D2 are connected so as to produce a 
negative output voltage, and the feedback signal 
is applied to -Veg so as to maintain the correct 
sense of feedback polarity. Otherwise the same 
design criteria apply to this circuit as to Fig- 

ure 3. 


For applications where the negative output 
voltage is twice more of the negative input 
voltage a simple two terminal inductor can be 
used instead of a transistor. Figure 6 shows 
such a Circuit. 


Dual Output PBX Application (Figure 7) 


This schematic is nearly identical to the one in 
Figure 3, except it has a center-tapped trans- 
former secondary and additional components to 
create a negative output voltage. Also, com- 
ponent values are given that will work well in 
operating from the -48V off-hook voltage of a 
branch office or PBX telephone line. 


The positive output is normally regulated by the 
PWM circuitry. The negative voltage is unregu- 
lated but will track the positive voltage if the 
voltage drops on D1 and D2 are matched. This 
type of regulation, through the magnetic loading 
produced by secondary taps, is best suited for 
applications where the load current is relatively 
constant. 


The design of the transformer is critical in 
achieving best efficiency and minimum core 
size. The one here was designed to deliver +5V 
and -5.5V; to achieve different voltages or to 
meet other load requirements the turns ratio, 
core size, and core air gap may have to be 
adjusted. A good source for design information 
on this subject is High Frequency Switch Power 
Supplies — Theory and Design by G. Chryssis, 
McGraw Hill Book Company, New York, N.Y. 


Low-Power Switched Capacitor 
Regulator (+5V and -15V Outputs) 


This circuit, shown in Figure 8, does not require 
an inductor or transformer to generate positive 
output voltages. Instead, it uses the Vprive out- 
put to charge a capacitor to the shunt voltage 
and then switch the more negative terminal to 
ground, much like the popular ICL 7660 IC. Like 
the 7660, the load current capability is limited; 
with +5V out, the maximum current ranges be- 
tween 10 mA and 20 mA. 
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GND 
C4 
0.1,F 
-VouT 
. R1 
Vout Vaer (1 ar ) Pi 
R1//R2 = R7 = 50K 
O O O ah 
-ViN TIiB TIC D2 
65-032038 
Figure 5. Negative Input, Negative Output Regulator With Transformer 
GND 
C4 
0.1F 
Z R1 
Rs Vout vaer (1+ fp ) 
R1//R2 = R7 = 50K 
O 4 
-VIN D2 


65-03427B 


Figure 6. Negative Input, Negative Output Regulator With Simple Inductor 
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0.252) 


T1 
OAuF 220 uF be 
M1 = IRF9633 - tT eA se OAuF** ..” 
01,02 = 1N5818 e 1000..F 
D3 = 1N4148 ‘ 
T1 = AIE 315-0906* {\ D2 
a 

*AIE Magnetics, inc. (615) 244-9024 = 5 
**To reduce high-frequency noise -Vin © 0 3 

-5.5V 

Output 

@ 200 mA 


Figure 7. Dual-Output PBX Telephone Application (Voyt = +5V and -5.5V) 


+5.1V 
@ 
+ 
OApyF 22uF 
GND 
e@ 
102K 
1N5817% A 1N5817 i 
100K 
10. 0.22uF OAuF ~ 3. 3uF 
-Vini 1K 1K 
s& " ° 
1/2W v2w 
I 65-03428A 
-Vin2 


Note: Use -Vino for Vin = -20V to -35V 


Figure 8. Low-Power Switched-Capacitor Regulator 
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Complete Schematic Diagram 
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RC4391 
Inverting and 
Step-Down 
Switching 
Regulator 


Features 
@ Versatile — 
Inverting function (+ to -) 
Step-down function 
Adjustable output voitage 
Regulates supply changes 
M Micropower — 
Low quiescent current — 170 pA 
Wide supply range — 4V to 30V 
@ High performance — 
High switch current —375 mA 
High efficiency — 70% typically 
@ Low battery detection capability 
™@ 8-lead mini-DIP or S.O. package 


Description 


Raytheon’s RC4391 is a monolithic switch 
mode power supply controller for micropower 
circuits. The 4391 integrates all the active 
functions needed for low power switching 
supplies, including oscillator, switch, reference 
and logic, into a small package. Also, the 
quiescent supply current drawn by the 4391 is 
extremely low; this combination of low supply 
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current, function, and small package make it 
adaptable to a variety of miniature power 
supply applications. 


The 4391 complements the other Raytheon 
switching regulator IC, the RC4190. The 4190 
is dedicated to step-up (V.,,, > V,,,) applica- 
tions, while the 4391 was designed up for 
inverting (positive input, negative output) and 
step-down (V,,,. < V,,,) applications. Between 
the two devices the ability to create all three 
basic switching regulator configurations is 
assured. Refer to the 4190 data sheet for 
information on step-up applications. 


The functions provided are: 

@ Squarewave oscillator (adjustable exter- 
nally) 

Bandgap voltage reference 

High current PNP switch transistor 
Feedback comparator 

Logic for gating the comparator 

Circuitry for detecting for a discharged 
battery condition (in battery powered sys- 
tems) 


Few external components are required to build 

a complete DC-to-DC converter: 

e@ Inductor 

@ Low value capacitor to set the oscillator 
frequency 

e Electrolytic filter capacitor 

e@ Steering diode 

@ Two resistors 
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Connection Information 


8-Lead DIP 8-Lead 
(Top View) Small Outline 
Plastic SO-8 
(Top View) 


65-02666A 


65-00070 


vu 
= 


Function 

Low Battery Resistor (LBR) 

Low Battery Detector (LBD) 
Timing Capacitor (Cy) 

Ground 

External Inductor (Ly) 

+Supply Voltage (+Vs) 

+1.25V Reference Voltage (Vref) 
Feedback Voltage (Vrp) 


ON oon WD — 


Ordering Information 


Operating 
Part Number Package Temperature 
Range 


0°C to +70°C 
0°C to +70°C 


RM4391D -55°C to +125°C 


RM4391D/883B 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

D = 8 lead ceramic DIP 

M = 8-lead plastic SOIC 

Contact a Raytheon sales office or representative for 
ordering information on special packageAemperature 
range combinations. 


-55°C to +125°C 


Absolute Maximum Ratings 
Internal Power Dissipation ................... 500 mW 
Supply Voltage* 

(Pin 6 to Pin 4 or 

PUY S10 FIND) sciscricaseninicssdnsesenuisteonsiianaies +30V 
Storage Temperature 

PAG ccinicoccnnvducaaseoreeuseantes -65°C to +150°C 
Operating Temperature Range 

IMIG S 9 ascsccavrcewsnavissennnsasesys -55°C to +125°C 

Pa |. cenetienstraatoraaeas -25°C to +85°C 

PST recede serpcnecieosdocen teins 0°C to +70°C 
SMIECH COUNT EITC nip) nsctanresweatannacs 375 mA peak 


“The maximum allowable supply voltage (+V,) in inverting 
applications will be reduced by the value of the negative 
output voltage, unless an external power transistor is used 
in place of Q1. 


Functional Block Diagram 


65-01610A 


65-01611A 


Die Size: 69 x 50 mils 
Min. Pad Dimensions: 4 x 4mils 
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Thermal Characteristics 


8-Lead 
8-Lead 8-Lead Small Outline 
Plastic DIP Ceramic DIP Plastic SO-8 


Electrical Chacteristics 
(Vs = +6.0V, over the full operating temperature range unless otherwise noted) 


Supply Voltage (Note 1) +30V 
Supply Current Vg = +25V | | 300 | 500 
Output Voltage V Vout nom = -9-0V V 
90 [Vout am = 154 
VOUT nom = -9.0V, 
Cy = 150pF, 2.0 
. Vs = +5.8V to +15V 
Line Regulation % Vout 
VOUT nom = -15V, 
Cy =150pF, 15 3.0 
Vs = +5.8V to +15V 
VouT nom = -9.0V, 
Cy = 350pF, Vs = +4.5V, 0.2 0.5 
P = OmW to 7omW 
Load Regulation Leila sel % Vout 
VOUT nom = -T9V, 
Cy = 350pF, Vs = +4.5V, 0.2 0.3 
Pioap = OmMW to 75mW 
Switch Leakage Current Pin 5 = -20V sf ot {80 


Note 1. The maximum allowable supply voltage (+Vs) in inverting applications will be reduced by the value of the negative 
output voltage, unless an external power transistor is used in place of Q1. 
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Electrical Characteristics 
(Vs = +6.0V, Ta = +25°C unless otherwise noted) 


Parameter | Symbol | Condition | Min, | Tyo | Max | Units 
uA 


Vs = +4.0V, 170 250 
No External Loads 
Supply Current Isy y 


thal ll 

535 | -50 | -465 
ee 1585 | -15 | -14.15 
Line Regulation 


s = +25V, 
No External Loads 


3.0 


E 


VouT nom = -19V, 
Cy = 150pF, 

Vs = +5.8V to +15V 
VouT nom = -9.0V, 
Cy = 350pF, Vs = +4.5V, 
Pi oap = OmW to 75mW 


— — 
S on 
Pr) 
oO 

ot 

<= 

o 

= 

— 


oO 
Ro 
oO 
S 
o 

S) 

= 

-4 


Load Regulation 


VOUT nom = -19V, 
Cy = 350pF, Vs = +4.5V, 
Pi oap = OmW to 7omW 


Reference Voltage Ver | s*SYY 18] 1.25 


— 
i} 
~] 
—) 
—s 
> 


scecal, 
oO 
Ro 


PV 
mA 
Switch Leakage Curent | too | Pn=-2V ‘| +f oot | 80 | WA 
Timing Pin Curent | x [Pnd=ov —-'| 60 | 0 | 4 | yA 
[LBD Leakage Curent [| Pn1=18V,Pn2=607 |__| OT | 50 
En Oe 
entetey | | o 
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Typical Performance Characteristics 


Oscillator Frequency vs. Supply Voltage 
7.0 


Fo (kHz) 


1.260 


1.255 


VREF 


1.250 


1.245 


1.240 


65-03268A 


0 5 10 15 20 


+Vs (Volts) 


Reference Voltage vs. Temperature 


-55 0 25 70 125 
Temperature (°C) 


; Q1 Saturation Voltage vs. Current 


IC (mA) 


Vce (SAT) (Volts) 


65-03269A 


65-03270A 


Oscillator Frequency vs. Temperature 


Fo (kHz) 


65-03272A 


Temperature (°C) 


Reference Voltage vs. Supply Voltage 
1.260 


_ 1.255 
2 
(°) 
= 
i 1.250 
c 
> 
1.245 
$ 
1.240 P} 
4 6 10 20 30 
Supply Voltage (Volts) 
Minimum Supply Voltage vs. Temperature 
4 
2 
5 3 
= 
@ 
3 
g 2 
> 
> 
a 
$ 
7) 1 
0 P 


Temperature (°C) 
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Principles of Operation 


Inverting Regulator 


The basic switching inverter circuit is the build- 
ing block on which the complete inverting 
application is based. 


A simplified diagram of the voltage inverter cir- 
cuit with ideal components and no feedback 
circuitry is shown in Figure 1. When the switch S 
is closed, charging current from the battery 
flows through the inductor L, which builds up a 
magnetic field, increasing as the switch is held 
closed. When the switch is opened, the mag- 
netic field collapses, and the energy stored in 
the magnetic field is converted into a current 
which flows through the inductor in the same 
direction as the charging current. Because there 
is no path for this current to flow through the 
switch, the current must flow through the diode 
to charge the capacitor C. The key to the inver- 
sion is the ability of the inductor to become a 
source when the charging current is removed. 


Tne equation V = (L) (di/dt) gives the maximum 
possible voltage across the inductor; in the 
actual application, feedback circuitry and the 
output capacitor will decrease the output 
voltage to a regulated fixed value. 


A complete schematic for the standard inverting 
application is shown in Figure 2. The ideal 


65-01602A 


switch in the simplified diagram is replaced by 
the PNP transistor switch between pins 5 and 6. 
Cr functions as the output filter capacitor, and 
D1 and Ly replace D and L. 


When power is first applied, the ground sensing 
comparator (pin 8) compares the output voltage 
to the +1.25V voltage reference. Because Cer is 
initially discharged a positive voltage is applied 
to the comparator, and the output of the com- 
parator gates the squarewave oscillator. This 
gated squarewave signal turns on, then off, the 
PNP output transistor. This turning on and off of 
the output transistor performs the same function 
as Opening and closing the ideal switch in the 
simplified diagram; i.e., it stores energy in the 
inductor during the on time and releases it into 
the capacitor during the off time. See Figure 3 
for a representation of the switching waveforms. 
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Figure 1. Simplified Voltage Inverter 


—----= Optional 


-Vour= (1.25V) oy) 


“Caution: Use current limiting protection circuit for high values of Cr (Fig. 13) 


Figure 2. Inverting Regulator — Standard Circuit 
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— +Vs -0.7V 
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VBaT Vout 
IS ™ 
— Imax i" 
a a ce KR _IK f 
-— +Vs -Vsw 
” LLL JT HL; a 
-——-Vout -Vp 
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Figure 3. Inverting Regulator Waveforms 


The comparator will continue to gate the oscil- 
lator to the switch transistor until enough energy 
has been stored in the output capacitor to make 
the comparator input voltage decrease to less 
than OV. The voltage applied to the comparator 
is set by the output voltage, the reference volt- 
age, and the ratio of R1 to R2. 


Vout 


Step-Down Regulator 


The step-down circuit function is similar to in- 
version; it uses the same components (switch, 
inductor, diode, filter capacitor), and charges 
and discharges the inductor by closing and 
opening the switch. The great difference is that Figure 4. Simplified Step-Down Circuit 
the inductor is in series with the load; therefore, 

both the charging current and the discharge 

current flow into the load. In the inverting circuit 

only the discharge current flows into the load. 

Refer to Figure 4. 
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When the switch S is closed, current flows from 
the battery, through the inductor, and through 
the load resistor to ground. After the switch is 
opened, stored energy in the inductor causes 
Current to keep flowing through the load, the 
Circuit being completed by the catch diode D. 
Since current flows to the load during charge 
and discharge, the average load curent will be 
greater than in an inverting circuit. The signifi- 
cance of that is that for equal load currents the 
step-down circuit will require less peak inductor 
Current than an inverting circuit. Therefore, the 
inductor will not require as large of a core, and 
the switch transistor will not be stressed as 
heavily for equal load currents. 


Figure 5 depicts a complete schematic for a 
step-down circuit using the 4391. Observe that 
the ground lead of the 4391 is not connected to 
circuit ground; instead, it is tied to the output 


+Voyt = (1.25) ( 


Lx 


RC4391 


voltage. It is by this rearrangement that the 
feedback system, which senses voltages more 
negative than the ground lead, can be used to 
regulate a non-negative output voltage. 


When power is first applied, the output filter 
Capacitor is discharged so the ground lead 
potential starts at OV. The reference voltage is 
forced to +1.25V above the ground lead and 
pulls the feedback input (pin 8) more positive 
than the ground lead. This positive voltage 
forces the control network to begin pulsing the 
switch transistor. As the switching action pumps 
up the output voltage, the ground lead rises with 
the output until the voltage on the ground lead 
is equal to the feedback voltage. At that point, 
the control network reduces the on time of the 
switch to maintain a constant output. See Figure 
6 for a graph of step-down regulator waveforms. 


RY A 01 1N914 
) 
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Important Note: This circuit must have a minimum load = 1 mA always connected 


Figure 5. Step-Down Regulator — Standard Circuit 
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DIA MW SEE 


ILoaD 
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oT PF YL To | | (Internal) } Veeqy 
— +Vs -0.7V 
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-— +Vs -Vsw 
=— Vout Vix 
— -Vp (-0.7V) 
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Figure 6. Step-Down Regulator Waveforms 


Design Equations 


The inductor value and timing capacitor (Cx) 
value must be carefully tailored to the input volt- 
age, input voltage range, output voltage, and 
load current requirements of the application. 
The key to the problem is to select the correct 
inductor value for a given oscillator frequency, 
such that the inductor current rises to a high 
enough peak value (Imax) to meet the average 
load current drain. The selection of this inductor 
value must take into account the variation of 
oscillator frequency from unit to unit and the 
drift of frequency over temperature. Use +30% 
as a maximum variation of oscillator frequency. 


The oscillator creates a squarewave using a 
method similar to the 555 timer IC, with a cur- 
rent steering flip-flop controlled by two voltage 
sensing comparators. The oscillator frequency is 
set by the timing capacitor (Cx) according to the 
following equation: 


4.1 x 10-6 


fo (Hz) = Cx 


The squarewave output of the oscillator is 
internal and cannot be directly measured, but is 
equal in frequency to the triangle waveform 
measurable at pin 3. The switch transistor is 
normally on when the triangle waveform is 
ramping up and off when ramping down. 
Capacitor selection depends on the application; 
higher operating frequencies will reduce the 
output voltage ripple and will allow the use of an 
inductor with a physically smaller inductor core, 
but excessively high frequencies will reduce 
load driving capability and efficiency. 


inverting Design Procedure 


1. Select an operating frequency and timing 
Capacitor value as shown above (frequencies 
from 10kKHz to 50kKHz are typical). 


2. Find the maximum on time Ton (add 3uS for 


the turn off base recombination delay of Q1): 
1 
TON = “2fo a 3uS 
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3. Calculate the peak inductor current Ia, (if 
this value is greater than 375mA then an 
external power transistor must be in place of 
Q1): 


hace (Vout + Vp) 2 
(fo) (Ton) (Vs - Vsw) 


Where: 

Vs = Supply Voltage 

Vsw = Saturation Voltage of Q1 (typically 
0.5V) 

Vp = Diode Forward Voltage (typically 
0.7V) 

I = DC Load Current 


4. Find an inductance value for Lx: 


Lx (Henries) = (s—Ysw ) (Ton ) 


The inductor chosen must exhibit this value 
of inductance and have a current rating 
equal to Imax. 


Step-Down Design Procedure 
1. Select an operating frequency. 


2. Determine the maximum on time Ton as in 
the inverting design procedure. 


3. Calculate Imax: 
QI. 


(Vs - VouT) 
(fo) (Ton) Kenecs va 7 7 


IMAX = 


4. Calculate Ly: 


RC4391 


Alternate Design Procedure 


The design equations above will not work for 
certain input/output voltage ratios, and for these 
Circuits another method of defining component 
values must be used. If the slope of the current 
discharge waveform is much less than the slope 
of the current charging waveform, then the 
inductor current will become continuous (never 
discharging completely), and the equations will 
become extremely complex. So, if the voltage 
applied across the inductor during the charge 
time is greater than during the discharge time, 
use the design procedure below. For example, a 
step-down circuit with 20V input and 5V output 
will have approximately 15V across the inductor 
when charging, and approximately 5V when 
discharging. So in this example the inductor 
Current will be continuous and the alternate 
procedure will be necessary. The alternate pro- 
cedure may also be used for discontinuous 
Circuits. 


1. Select an operating frequency based on EMI 
and component size requirements (a value 
between 10kHz and 50kHz is typical). 


2. Build the circuit and apply the worst cast 
conditions to it, i.e., the lowest battery volt- 
age and the highest load Current at the 
desired output voltage. 


3. Adjust the inductor value down until the 
desired output voltage is achieved, then 
decrease its value by 30% to cover manu- 
facturing tolerances. 


4. Check the output voltage with an oscillo- 
scope for ripple, at high supply voltages, at 
voltages as high as are expected. Also check 
for efficiency by monitoring supply and out- 
put voltages and currents 
(eff = (Vout) (lout)/(+Vs) (Isy) x 100%). 


5. If the efficiency is poor, go back to step 1. 
and start over. If the ripple is excessive, then 
increase the output filter capacitor value or 
Start over. 
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Inductors 


Efficiency and load regulation will improve if a 
quality high Q inductor is used. A ferrite pot 
core is recommended; the wind-yourself type 
with an air gap adjustable by washers or spacers 
is very useful for bread-boarding prototypes. 
Care must be taken to choose a core with 
enough permeability to handle the magnetic flux 
produced at Inax. If the core saturates, then 
efficiency and output current capability are 
severely degraded and excessive current will 
flow through the switch transistor. An isolated 
AC current probe for an oscilloscope (example: 
Tektronix P6042) is an excellent tool for satura- 
tion problems; with it the inductor current can 
be monitored for nonlinearity at the peaks (a 
sign of saturation). 


Low Battery Detector 


An open collector signal transistor Q2 with 
comparator C2 provides the designer with a 
method of signaling a display or computer 
whenever the battery voltage falis below a pro- 
grammed level (see Figure 7). This level is 
determined by the +1.25V reference level and by 
the selection of two external resistors according 
to the equation: 


R4 
VTH = Vace (Re oi ') 


When the battery drops below this threshoid Q2 
will turn on and sink typically 600uA. The low 
battery detection circuit can also be used for 
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Figure 7. Low Battery Detector 


Voltage Regulators 


other less conventional applications such as the 
voltage dependent oscillator circuit of Figure 12. 


Device Shutdown 


The entire device may be shut down to an 
extremely low current non-operating condition 
by disconnecting the ground (pin 4). This can 
be easily done by putting an NPN transistor in 
series with the ground pin and switching it with 
an external signal. This switch will not affect the 
efficiency of operation, but will add to and 
increase the reference voltage by an amount 
equal to the saturation voltage of the transistor 
used. A mechanical switch can also be used in 
series between circuit ground and pin 4, without 
introducing any reference offset. 


Compensation 


When large values (>50k{)) are used for the 
voltage setting resistors (R1 and R2 of Figure 2) 
stray Capacitance at the Vrg input can add a lag 
to the feedback response, destabilizing the 
regulator, increasing low frequency ripple, and 
lowering efficiency. This can often be avoided 
by minimizing the stray capacitance at the Veg 
node. It can also be remedied by adding a lead 
compensation capacitor of 100pF to 10nF. In 
inverting applications, the capacitor connects 
between -Voyrt and Veg; for step-down circuits 
it connects between ground and Vrs. Most 
applications do not require this capacitor. 


Power Transistor Interfaces 


The most important consideration in selecting 
an external power transistor is the saturation 
voltage at Ic = Imax. The lower the saturation 
voltage is, the better the efficiency will be. Also, 
a higher beta transistor requires less base drive 
and therefore less power will be consuming in 
driving it, improving efficiency losses in the 
interface. The part numbers given in the follow- 
ing applications are recommended, but other 
types may be more appropriate depending on 
voltage and power levels. 
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When troubleshooting external power transistor 
Circuits, ensure that clean, sharp-edged wave- 
forms are driving the interface and power tran- 
sistors. Monitor these waveforms with an oscil- 
loscope — disconnect the inductor, and tie the 
Vep input (pin 8) high through a 10K resistor. 
This will cause the regulator to pulse at maxi- 
mum duty cycle without drawing excessive 
inductor currents. Check for expected on time 
and off time, and look for slow rise times that 
might cause the power transistor to enter its 
linear operating region. 


The following external power transistor circuits 
may demand some adjustment to resistor values 
to satisfy various power levels and input/output 
voltages. Cx and Ly values must be selected 
according to the design equations (pages 9 and 
10 ). 


inverting Medium Power Interface 


Figure 8 is a schematic of an inverting power 
supply using an external PNP switch transistor. 
Supply voltage is applied to the IC via R38; when 
the internal switch transistor is turned on current 
through Ré4 is also drawn through R38, creating a 


+5V 


RC4391 


voltage drop from base to emitter of the external 
switch transistor. This drop turns on the external 
transistor. 


Voltage pulses on the supply lead (pin 6) do not 
affect circuit operation because the internal 
reference and bias circuitry have good supply 
rejection capabilities. A power Schottky diode is 
used for higher efficiency. 


inverting High Power Interface 


For higher power applications (S00mW to 5W), 
refer to Figure 9. This circuit uses an extra 
external transistor to provide well controlled 
drive current in the correct phase to the power 
switch transistor. The value of R3 sets the drive 
current to the switch by making the interface 
transistor act as a current source. R4 and R5 
must be selected such that the RC time constant 
of R4 and the base capacitance of Q2 do not 
slow the response time (and affect duty cycle), 
but not so low in value that excess power is 
consumed and efficiency suffers. The resistor 
values chosen should be proportional to the 
supply voltage (values shown are for +5V). 


Motorola 
MBR030 
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Figure 8. Inverting Medium Power (250mW to 1W) Application 
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Figure 9. Inverting High Power Application 


Step-Down Interfaces 


Figures 10 and 11 show medium and high 
power interfaces modified to perform step-down 
functioning. The design equations and sugges- 
tions for the circuits of Figures 8 and 9 also 
apply to these circuits. For a certain range of 
load power, the RC4193 IC can be used for 
step-down applications. A load range from 
400mW to 2W can be sustained with fewer com- 
ponents (especially when stepping down greater 
than 30V) than the comparable 4391 circuit. 
Refer to Raytheon’s RC4191/4192/4193 data 
sheet for a schematic of this medium power 
step-down application. 


Voltage Dependent Oscillator 


The 4391’s ability to supply load current at low 
battery voltages depends on the inductor value 
and the oscillator frequency. Low values of 
inductance or a low oscillator frequency will 
cause a higher peak inductor current and there- 
fore increase the lead current capability. A large 
inductor current is not necessarily best, how- 
ever, because the large amount of energy 
delivered with each cycle will cause a large 
voltage ripple at the output, especially at high 
input voltages. This tradeoff between load cur- 
rent capability and output ripple can be 


improved with the circuit connection shown in 
Figure 12. This circuit uses the low battery 
detector to sense for a low battery voltage con- 
dition and will decrease the oscillator frequency 
after a pre-progrmamed threshold is reached. 


The threshold is programmed exactly as the 
normal low battery detector connection: 


R4 
VTH= Var (ee + ' 


When the battery voltage reaches this threshold 
the comparator will turn on the open collector 
transistor at pin 2, effectively pulling Cy in 
parallel with Cy. This added capacitance will 
reduce the oscillator frequency, according to the 
following equation: 


fe 4.1 x 10° 
O Cy + Cy 


Current Limiting 


The oscillator (Cx) pin can be used to add short 
circuit protection and to protect against overcur- 
rent at start-up (when using large values of out- 
put filter capacitor — greater than 100 uF). A 
transistor Veg is used as a Current sensing com- 
parator which resets the oscillator upon sensing 
an overcurrent condition, thus providing cycle- 
by-cycle current limiting. Figure 13 shows how 
this is applied. 
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Figure 12. Voltage Dependent Oscillator 


Note: A minimum load => 1mA must be connected 
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Figure 10. Step-Down Medium Power 


Application 
+Vs 1) 
ii. Mr a 
4 
2N3906 
1 Or equiv. 
= Cy 
- 65-02159A 
2n3904 3 250uH 
R3 
a 
+ Vout 
470uF ete Figure 13. 4391 Short Circuit Current Limit 


Note: A minimum load = 1mA must be connected. 
“Optional — Extends supply voltage range 
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Figure 11. High Power Step-Down Supply 
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Troubleshooting Chart 


Symptom Possible Problems 


Draws excessive supply current on Inductance value too low. 

Start-up. Operating frequency too low. 
Combination of low resistance inductor and high 
value filter capacitor — needs current limit circuit 


(Figure 13). 
Output voltage is low. Inductance value too high for Fo or core 
saturating. 
Inductor “sings” with audible hum. Not potted well or bolted loosely. 
Lx pin appears noisy — scope will not Normal operating condition. 
synchronize. 
-IMax Inductor is saturating: 


1. Core too small. 


3 2. Core too hot. 
3. Operating frequency too low. 
Time 
Inductor current shows nonlinear 
waveform. 
Waveform has resistive component: 
x -|MAX 1. Wire size too small. 
san 2. Power transistor lacks base drive. 
3. Components not rated high enough. 
4. Battery has high series resistance. 
Time 
Inductor current shows nonlinear 
waveform. 


External transistor lacks base drive or beta 
is too low. 


Time 
Inductor current is linear until high 
Current is reached. 


Poor efficiency. Core saturating. 
Diode or transistor: 
1. Not fast enough. 
2. Not rated for current level (high Vcge SAT). 
High series resistance. 
Operating frequency too high. 


Motorboating (erratic Current pulses). Loop stability problem — needs feedback 
Capacitor from Vout to pin 8 (100pF to 1000pF) 


© 
83 
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Features 

m@ Simultaneously adjustable outputs with one 
resistor to t42V 

@ Load current — +200 mA with 0.04% load 
regulation 

Mi Internal thermal shutdown at T, = +175°C 

m™ External balance for tV, unbalancing 65-00199A 

@ 3W power dissipations 


Description 

14-Lead 
The RM4194 and RC4194 are dual polarity Plastic & Ceramic DIP 
tracking regulators designed to provide bal- (Top View) 


anced or unbalanced positive and negative 
output voltages at currents to 200 mA. A single 
external resistor adjustment can be used to 
change both outputs between the limits of +50 
mV and +42V. 


These devices are designed for local “on-card” 
regulation, eliminating distribution problems 
associated with single-point regulation. To 
simplify application the regulators require a 
minimum number of external parts. 


The device is available in three package types 
to accommodate various power requirements. 
The K (TO-66) power package can dissipate up 
to 3W at T, = +25°C. The D 14-pin dual in-line 
will dissipate up to 1W and the N 14-pin dual in- 
line will dissipate up to 625 mW. 
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Ordering Information 


Operating 
Part Number Package Temperature 
Range 


RC4194N 0°C to +70°C 


RC4194D 0°C to +70°C 
RC4194K 0°C to +70°C 


RM4194D -55°C to +125°C 
RM4194D/883B -55°C to +125°C 
RM4194K -55°C to +125°C 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 14-lead plastic DIP 

D = 14- lead ceramic DIP 

K = 9-lead TO-66 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 


Functional Block Diagram 


100uA 
Current 


Source : 
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Mask Pattern 


65-01775A 


Die Size: 99 x 69 mils 
Min. Pad Dimensions: 4 x 4 mils 


Absolute Maximum Ratings 
Supply Voltage 


FG) OF sianparsinciieent reese +35V 
PATA 1 se saicrosineperyiunac sanssnepuneeceemuayetetes +45V 
Supply Input to Output Voltage Differential 
FG as cteses seareitnae errr tented +35V 
FADIA Ot iscatunccnativeseanace diadrateesnsewsesecgeaaene +45V 
Load Current 
PEP ACIS G ccs anie cua daintanieinampiinactinmunds 100 mA 
LD POCKAGS sisiortncaiennsentntsdinsinciiiamaninas 150 mA 
KK PACKAGE siteccassinnswenstincsenesaxiaticemmnet 250 mA 
Operating Junction Temperature Range 
FRG O4 cc cetsesestasvolnsiusaenaichanans 0°C to +125°C 
PRM4194.......ccccecccccceeeeeeeeeeee -55°C to +150°C 
Storage Temperature 
FANGS: disecerrortneescrcgsecocesseevelon: -65°C to +150°C 
Lead Soldering Temperature 
COO GeO cirstecsecetrantaneecstosniaseadeiennes: +300°C 
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Plastic DIP Ceramic DIP Metal Can 
125°C 
160°C 


Electrical Characteristics (45 < V,.., < Vijaxi -ViyS -8V; |, = +1mA; RM4194: -55°C <T,< 
+125°C; RC4194: 0°C < T, < +70°C unless otherwise specified) 


Thermal Characteristics 
14-Lead 


Max. Junction Temp. 
Max. P,, T, <50°C 
Therm. Res 6,,, 
Therm. Res. 6,, 

For T, >50°C Derate at 


Parameters Test Conditions 
Line Regulation AV, = 0.1 V., 


Load Regulation 4194K: |, <200 mA 
4194D: |, < 100 mA 
+V, =+(V, +5)V 


Output Voltage Drift With 
Temperature ° 


Positive Output Vour = t9V 
Negative Output Vour = +5V 
V, =+V 
Vs = £Vuax: 


RM4194 


Supply Current’ (Positive) V, =0V, 1, =OmA 


V, = OV, IL=OmA 


MAX? 


Supply Current? (Negative) 


Supply Voltage 
RC4194 


Output Voltage Scale Factor Ree, = 71.5 kQ, T, = +25°C V, = tV ay 
RM4194: R,,,= 71.5 kQ, |, = 25 mA 


Output Voltage Range 
RC4194: Ro, = 71.5 kQ, |, =25mA 


Output Voltage Tracking 


F = 120 Hz, T, = +25°C 

|, = 50 mA, T,= +25°C 

V, = +30V, T, = +25°C 

Output Noise Voltage C, = 4.7 uF, Vo =+15V 
F = 10 Hz to 100 kHz 


internal Thermal Shutdown 


Notes: 1. The current drain will increase by 501 A/V_,,,, on positive side and 100n A/V, on negative side. 
2. The specifications above apply for the given junction temperatures since pulse test conditions are used. 
3. Output voltage temperature drift guaranteed by design. 
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Typical Performance Characteristics 


Ripple Rejection Load Regulation vs. Output Current 


lti‘(‘t 
SHHRHTIHHI Ty 2 
EOI hes ME CTT 
Ca 
il Him 


10 100 100K 0 2 40 6 80 100 120 140 160 180 200 
eae (Hz) Output Current (mA) 


Ripple Rejection (dB) 


Percent of Output Voltage (%) 


Output Voltage Tracking vs. Temperature 


Percent of Output Voltage (%) 


65-00203A 


60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 
Junction Temperature (°C) 


% Tracking of Output Voltage 
T.C. for Positive Regulator 
T.C. for Negative Regulator 
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Typical Applications 


Unbalanced Output Voltage — Comparator Application 


+VouT 
D To Additional Comparators 


To Additional Comparators 


Ro (kf) = 2.5 (-VouT) 

Adjust Ro for -Vout = -6V (15k) 
65-00205A Rey = Reo = 20k (see schematic) 
R R 
|+Vout! = |-Vout! p> II Re 

Ra = © when |+Vout! > |-Vout! 
Rp = @ when |+Vourt! < |-Vout! 
For +Vout = 12 when -Vout = 6V 
Ra=@ 

Rg = 20kN 


High Output Application 


2N4905 or equiv. Rsc 


2N2297 or equiv. 


+Vs 


= 60.F 
T 
Load Regulation 


10mV @ 2.5A 
Ro (kQ) = 2.5|Vo} 


Note: Compensation and bypass capacitor connections should be close as possible to the 4194. 
**Optional usage — not as critical as -Vo bypass capacitors. 
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Typical Applications (Continued) 


Balanced Output Voltage — Op Amp Application 


+VouT = +15V 
© To Additional Op Amps 
4.7yF** 


(Typically 180 741s) 


To Additional Op Amps 


001pF 
~ Ro (kA) = 2.5 Vout 


65-00204A 
Digitally Controlied Dual 200mA Voltage Regulator 
O +Vs = +25V 
+Voyt = 4 Io R1 
© +Voyt (0 to +19.92V) 
4 
Tt 
5 16] 7] 8| 9|10111]12 © -Voyr (0 to -19.92V) 
10uF 
1 + 
-Vs = -25V 
Binary Inputs 
OPTIONAL TRACKING 


ADJUSTMENT 
Adjust R2 for -19.92V at -Vout with all “1s” at binary inputs, 


then optionally adjust R3 for +19.92V at +Vout 


65-01725A 
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4194 Switchable Power Supply 


The outputs of the 4194 can be simultaneously 
switched on or off under logic control as shown 
in Figure 1. In the “off” state, the outputs will be 
forced to a minimum voltage, or about +20 mV, 
rather than becoming open-circuit. the turn-on 
time, with the outputs programmed to +12V, is 
approximately 200 uS. This circuit works by 
forcing the R,, pin to ground with an analog 
switch. Refer to the 4194 internal schematic 
diagram. A reference voltage that regulates 
with respect to -V, is generated at the Rg pin 
by the zener diode Q12 and the buffer circuit of 
Q11 and Q13. When the external 71.5k R, 
resistor is connected between the Rg pin and 


-V,, a precision current of 100 yA is generated 
which then flows into Q13’s collector. Since 
Q13’s collector is tied to the R, pin, the 100 pA 
current will develop a ground-referenced 
voltage drop proportional to the value of ios 
which is then amplified by the internal error 
amplifier. When the analog switch in Figure 1 
turns on, it effectively shorts out R,, and causes 
OV to be applied to the error amplifier. The 
output voltage in the off state will be approxi- 
mately +20 mV. If a higher value (50 to 100 
mV) is acceptable, then the DG201 FET switch 
can be replaced with a low-cost small signal 
transistor, as shown in the alternate switch 
configuration. 


Figure 1. +12V Switchable Power Supply 
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Compensation 


For most applications, the compensation 
technique shown in the data sheet is sufficient. 
The positive regulator section of the 4194 is 
compensated by a 0.001 wF ceramic disc 
capacitor from the C+ terminal to ground. The 
negative regulator requires compensation at 
two points. The first is the C- pin, which should 
have 0.001 pF to the -V,,, pin, or case. A 
ceramic disc is best here also. The second 
compensation point for the negative side is the 
-Voyr7 terminal, which ideally should be a 4.7 uF 
solid tantalum capacitor with enough reserve 
voltage capacity to avoid the momentary 
shorting and reforming which can occur with 
tantalum caps. For systems where the cost of 
a solid tantalum capacitor cannot be justified, it 
is usually sufficient to use an aluminum capaci- 
tor with a 0.03 uF ceramic disc in parallel to 
bypass high frequencies. In addition, if the 
rectifier filter capacitors have poor high fre- 
quency characteristics (like aluminum electro- 
lytics) or if any impedance is in series with the 
+V,,, and -V,,, terminals, it is necessary to 
bypass these two points with 0.01 uF ceramic 
disc capacitors. Just as with monolithic op 
amps, some applications may not require these 
bypass caps, but if in doubt, be sure to include 
them. 


All compensation and bypass caps should have 
short leads, solid grounds, and be located as 
close to the RM/RC4194 as possible. Refer to 
Figure 2 for recommended compensation 
Circuitry. 


Protection 


In systems using monolithic voltage regulators, 
a number of conditions can exist which, left 
uncorrected, will destroy the regulator. Fortu- 
nately, regulators can easily be protected 
against these potentially destructive conditions. 
Monolithic regulators can be destroyed by any 
reversal of input or output voltage polarity, or if 
the input voltage drops below the output volt- 
age in magnitude. These conditions can be 


Voltage Regulators 


O +Vour 


D -Vour 


0.01 LF 


+ 


Note: 
All Cap's Disc Ceramic 
Except * = Solid Tantalum — 


Figure 2. 4194 Recommended 
Compensation 


caused by inductive loads at the inputs or 
outputs of the regulator. Other problems are 
caused by heavy loads at the unregulated 
inputs to the regulator, which might cause the 
input voltage to drop below the output voltage 
at turn-off. If any of the preceding problem 
conditions are present in your system, it is 
recommended that you protect the regulator 
using diodes. These diodes should be high 
speed types capable of handling large current 
surges. Figure 3 shows all six of the possible 
protection diodes. The diodes at the inputs and 
outputs prevent voltages at those points from 
becoming reversed. Diodes from outputs to 
inputs prevent the output voltage from exceed- 
ing the input voltage. Chances are that the 
system under consideration will not require all 
six diodes, but if in doubt, be sure to include 
them. 


Brownout Protection 


The 4194/4195 is one of the most easily ap- 
plied and trouble-free monolithic ICs available. 
When used within the data sheet ratings (pack- 
age power dissipation, maximum output cur- 
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+Vourt 


-Vour 


L Note: 
= All Cap's Disc Ceramic 65-4202 
Except * = Solid Tantalum 


Figure 3. 4194 Regulator Showing 
All Protective Diodes 


rent, minimum and maximum input voltages) it 
provides the most cost-effective source of 
regulated +15V for powering linear ICs. 


sometimes occasions arise in which the 4194/ 
4195 ratings must be exceeded. One example 
is the “brownout’”. During a brownout, line volt- 
ages may be reduced to as low as 75 VRMS, 
causing the input voltage to the 4194/4195 to 
drop below the minimum dropout voltage. 
When this happens, the negative output voltage 
can go to positive. The maximum amount of 
current available is approximately 5 mA. 


In general this is not enough current to damage 
most ICs which the 4194/4195 might be supply- 
ing, but it is a potentially destructive condition. 
Fortunately, it is easy to protect against. As 
shown in the typical application circuit below, a 
diode, D, can be connected to the negative 
output. 


If a small signal silicon diode is used, it will 
clamp the negative output voltage at about 
+0.55V. A Schottky barrier or germanium 
device would clamp the voltage at about +0.3V. 
Another cure which will keep the negative 
output negative at all times is the 1 mQ resistor 


9-72 


connected between the +15V output and the C- 
terminal. This resistor will then supply drive to 
the negative output transistor, causing it to 
saturate to -V1 during the brownout. 


Balanced Output (V, = 415V) 


+18V To +30V 
@ 


-18V To -30V 
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Heatsinking for 4194 and 4195 


Voltage Regulators are power devices which 
are used in a wide range of applications. 


When operating these devices near their 
extremes of load current, ambient temperature 
and input-output differential, consideration of 
package dissipation becomes important to 
avoid thermal shutdown at 175°C. Both the 
4194 and 4195 have this feature to prevent 
damage to the device. It typically starts affect- 
ing load regulation approximately 2°C below 
175°C. To avoid shutdown, some form of 
heatsinking should be used or one of the above 
operating conditions would need to be der- 
ated.” 


The following is the basic equation for junction 


temperature: 


“In allowing for process deviations, the user should work 
with a maximum allowable function temperature of 150°C. 
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RC4194 
T,=T, +P, 9,, (1) 
where 
T, = junction temperature (°C) 
1, = ambient air temperature (°C) 
Ps. = power dissipated by device (W) 
8,, | = thermal resistance from junction to 


ambient air (“"C/W) 


The power dissipated by the voltage regulator 
can be detailed as follows: 


Py = (Vin - Vout) X lo + Vin X I (2) 


where 

input voltage 

regulated output voltage 
load current 

= quiescent current drain 


Let’s look at an application where a user is 
trying to determine whether the RM4194 ina 
high temperature environment will need a 
heatsink. 


Given: 


T, at thermal shutdown = 150°C 


T, = 125°C 
0, = 41.6°C/W, K (TO-66) pkg. 
Vin = 40V 
Vour = 30V 
- = 1mMA+ 75 pA/V,,,, x 30V 
= 3.25 mA * 
Tq, 7 qT, 
a, = 
Po 
Ty -T, 
P,= 
By, = (Vin - Your) X lo + Vin X Ia 


* The current drain will increase by SOQA/V,,,, on positive 
side and 100pA/V,,,,, on negative side. 


Voltage Regulators 


Solve for |,, 
| Ty ~ qT, Vin x lg 
8,4 (Vin ~ Vour) (Vin 7 Vout) 
1 = —50°C-125°C_ 40x 3.25 x 10° 
° 41.6°C/W x 10V 10 


= 50 mA- 13 mA z 47 mA 


If this supply current does not provide at least a 
10% margin under worst case load conditions, 
heatsinking should be employed. If reliability is 
of prime importance, the multiple regulator 
approach should be considered. 


In equation 1, 6, , can be broken into the 
following components: 


0, ,=9,,+8,,+6,, 


where 

8... =junction-to-case thermal resistance 

8@.., = case-to-heatsink thermal resistance 
sa = heatsink-to-ambient thermal resis- 


tance 


In the above example, let’s say that the user’s 
load current is 200 mA and he wants to calcu- 
late the combined 0, , and 6, , he needs: 


Given: |, = 200 mA, 
Ty ~ qT, 
O54 = 


(Vin - Vout) X lo + Vin X Iq 


50°C - 125°C 
~ 40V x 200 mA + 40 x 3.25 x 10-3 


= 11.75°C/W 


Raytheon 9-73 


Section 9 RC4194 


Given 0, = 7.15°C/W for the 4194 in the K When using heatsink compound with a metal-to 
package, metal interface, a typical 8, , = 0.5°C/W for the 
K package. The remaining 0, , of approxi- 
O..5 + O5., = 11.75°C/W - 7.15°C/W mately 4°C/W is a large enough thermal resis- 
tance to be easily provided by a number of 
= 4.6°C/W heatsinks currently available. Table 1 is a brief 


selection guide to heatsink manufacturers. 


Table 1. Commercial Heatsink Selection Guide 


No attempt has been made to provide a complete list of all heatsink manufacturers. This list is only 
representative. 


Manufacturer/Series or Part Number 
— TO-66 Package 


0.31-1.0 Thermalloy — 6441, 6443, 6450, 6470, 6560, 6590, 6660, 6690 


Wakefield — 641 
Thermalloy — 6123, 6135, 6169, 6306, 6401, 6403, 6421, 6423, 6427, 6442, 6463, 


Wakefield — 621, 623 
Thermalloy — 6606, 6129, 6141, 6303 
lIERC — HP 

Staver — V3-3-2 


Wakefield — 690 
Thermalloy — 6002, 6003, 6004, 6005, 6052, 6053, 6054, 6176, 6301 
lIERC — LB 

Staver— V3-5-2 


Wakefield — 672 
Thermalloy — 6001, 6016, 6051, 6105, 6601 
IERC — LA, uP 

Staver — V1-3, V1-5, V3-3, V3-5, V3-7 


Thermalloy — 6-13, 6014, 6015, 6103, 6104, 6105, 6117 


TO-99 Package 


Wakefield — 260 
Thermalloy — 1101, 1103 
Staver — V3A-5 


12.0 - 20.0 
20.0 - 30.0 


* All values are typical as given by manufacturer or as determined from characteristic curves supplied by manufacturer. 


Wakefield — 209 
Thermalloy — 1116, 1121, 1123, 1130, 1131, 1132, 2227, 3005 
lIERC — LP 

Staver — F5-5 
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Table 1. Commercial Heatsink Selection Guide — Continued 


8, _,*(°C/W) Manufacturer/Series or Part Number 


30.0 - 50.0 Wakefield — 207 
Thermalloy — 2212, 2215, 225, 2228, 2259, 2263, 2264 
Staver — F5-5, F6-5 


Dual-Inline Package 


Thermalloy — 6007 
Thermalloy — 6010 
Thermalloy — 6011 
Thermalloy — 6012 
IERC — LIC 
Wakefield — 650, 651 


* All values are typical as given by manufacturer or as determined from characteristic curves supplied by manufacturer. 


Staver Co., Inc.: 41-51 N Saxon Ave., Bay Shore, NY 11706 
IERC: 1385 W Magnolia Blvd., Burbank, CA 91502 

Thermalloy: P.O. Box 34829, 2021 W Valley View Ln., Dallas, TX 
Wakefield Engin Ind: Wakefield, MA 01880 
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Schematic Diagram 
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RC4195 

Fixed +15V 
Dual Tracking 
Voltage 
Regulator 


Features 

™@ +15V operational amplifier power at reduced 
cost and component density 

@ Thermal shutdown at Tj = +175°C in addition 
to short circuit protection 

™@ Output currents to 100 mA 

mM May be used as single output regulator with 
up to +50V output 

@ Available in TO-66, TO-99 and 8-Pin Plastic 
Mini-DIP 

m@ No external frequency compensation required 


Description 


The RC/RM4195 is a dual polarity tracking 

regulator designed to provide balanced positive 
and negative 15V output voltages at currents up 
to 100 mA. this device is designed for local “on- 


card” regulation, eliminating distribution problems 


associated with single point regulation. The 
regulator is intended for ease of application. 
Only two external components are required for 
operation (two 10 pF bypass capacitors). 


The device is available in three package types 
to accommodate various applications requiring 
economy, high power, dissipation, and reduced 
component density. 


Ordering Information 


Operating 
Part Number Package Temperature 
Range 


RC4195N 0°C to +70°C 
RC4195T 0°C to +70°C 
RC4195K 0°C to +70°C 


RM4195T -55°C to +125°C 
RM41951/883B -55°C to +125°C 
RM4195TK -55°C to +125°C 
RM4195D -55°C to +125°C 
RM4195D/883B -55°C to +125°C 


OOA TATA TA! 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

D = 8 lead ceramic DIP 

T = 8-lead metal can TO-99 

K = 9-lead power TO-66 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 
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Connection Information 


TO-66 Metal Can TO-99 Metal Can 8-Lead DIP 
(Top View) (Top View) (Top View) 


x? 


6 
(3) 
(2) 

a 


(6) 
@ 
(8) 

9) 
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Absolute Maximum Ratings 


Supply Voltage (+V.) to Ground ............... +30V 
Load Current 

MP OO spo 2cc ncaeececussieeyenteeboarash 150 mA 

T-NG N PACKAGES cisciscinstewnivenainnsedaces 100 mA 
Storage Temperature 

PHANG possionancegeenvsttntnastassatents -65°C to +150°C 
Operating Junction Temperature Range 

FAI OS vegrereceeeceetee decease: -55°C to +150°C 

POG 90 ap tseetenrtracieneeieesecasaee 0°C to +125°C 
Lead Soldering Temperature 

(DIP, LCC, TO-99; 60 sec) ............... +300°C 
Mask Pattern 


+15Voyp +15Vgyr Bal -15Voyr 


Pin out for dual in-line package shown. 65-00089A 


Comp+ | Comp- 


Die Size: 49 x 74 mils 
Min. Pad Dimensions: 4 x 4 mils 
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Thermal Characteristics 


8-Lead 9-Lead 
8-Lead TO-99 TO-66 8-Lead 
Plastic DIP Metal Can Metal Can Ceramic DIP 


Max. Junction Temp. 125°C 175°C 150°C 175°C 


Max. P, T, <50°C 468mW 658mW 2381mW 833mW 
Therm. Res 6,, — 50°C/W 7°C/W 45°C/W 
Therm. Res. 6,, 160°C/W 190°C/W 42°C/W 150°C/W 
For T, >50°C Derate at 6.25 mW/°C | 5.26 mW/°C | 23.81 mW/°C 8.33 mW/°C 


Electrical Characteristics (|, =+1mA, Vs = +20V, C, = 10uF 
RM4195: -55°C < Tj < +125°C; RC4195: 0°C < Tj < +70°C unless otherwise specified)' 


-_ OO eas 
‘ine Regusion ————SSC*d =v SCC || 


Load Regulation I. = 1mA to 100mA Pf 5 | 80 fom 
fm [es [are 
—- 0 mA 
6 | | 
150 


Output Voltage Drift With 
Temperature 


Supply Current Vg = +30V, I, = OmA 
Supply Voltage 
Output Voltage 
Output Voltage Tracking 
Ripple Rejection f = 120Hz, Tj = +25°C 


a 
a 
Input-Output Voltage Differential IL = 50mA 
ee 
a 
Lo 


Short Circuit Current Tj = +25°C 


Output Voltage Noise Tj = +25°C, f = 100Hz to 10kHz 


Internal Thermal Shutdown 


Notes: 1. The specifications above apply for the given junction temperature since pulse test conditions are used. 
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Typical Performance Characteristics 


Output Load Regulation Standby Current Drain 

S RC4195: 0°C 
= _ = H——} RM4195: -55°C 
= = ———— 
3 5 = 
s =, 1 |] | | | | | 
: : neal 
Ss a 
= 
- Vs = +18V 

Tj=Ta 

100 
Load Current (mA) Input Voltage (V) 
Regulator Dropout Voltage Power Dissipation 


Ta = RC4195: 0°C 


S Ta = RM4195: -55°C _ = 
35 . S 
Ss = £ 
iF = 
ES = 8 
E S 
= RC4195: 0°C to +125°C 
RM4195: -55°C to +150°C ; 
0 20 40 60 80 100 -75 -50 -25 0 +25 +50 +75 +100 +125 
Load Current (mA) Ambient Temperature (°C) 
Maximum Current Capability Ripple Rejection 


“TTS: 


LN 
| \ Yt Package = TK 


_ 160 Package = 
< ~ A 
Ss = 
= Ss 
= 30 baa a = 
Ss a ackage 2 
re z 
- 40 5 
—— No Heatsink 3 
mm === Infinite Heatsink 8 
0 
0 20 40 60 £80 10 12 14 16 100 1.0K 10K 100K 1.0M 
Input/Output Voltage Differential (V) Frequency (Hz) 
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Typical Applications 


Balanced Output (Vo = +15V) 


+18V to +30V +15V at 100mA 


= 10uF 


-18V to -30V = _45V at 100mA 


65-0100A 


Positive Single Supply (+15V < Vo < +50V) 


: R2 
Vp = +15V (1+ 64) 


(Vo + 3V) < Vy < 60V 


65-0101A 


High Output Current 


2N4905 or Equiv. 


+Vs o 


-Vs 0 


2N2297 or Equiv. 


*Rsc 2N4914 or Equiv. 


*Rsc 


O +Vg= + 15V 


60uF 


Load Regulation 
10mV @ 2.5A 


65-0102A 
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Schematic Diagram 
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10K 
> Comp+ 
(1)* 
Ground ¢ 
(2) +15V 
© Output 
(7) 
Comp- 
(3) * 
‘ Balance 
(6) 
-15V 
© Output 
(5) 
9 “Vs 
(4) 
*Pin numbers are for 8-pin packages 
65-0090B 
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Section 10 


LM1851 
Ground Fault 
Interrupter 


Features 

M@ Direct interface to SCR 

M@ Adjustable fault current threshold 

@ Adjustable fault current integration time 

H Complies with U.S. UL943 standard 

Mi Operates under line reversal; both load vs. 
line and hot vs. neutral 

M@ Detects grounded neutral faults 

Hi Internal shunt regulator (26V) 

Hm Small outline (SO-8) package available 


Description 


The LM1851 is a controller for ac outlet ground 
fault interrupters. These devices detect hazard- 
ous grounding conditions (example: a pool of 
water and electrical equipment connected to 
opposite phases of the ac line) in consumer 
and industrial environments. The output of the 
IC triggers an external SCR, which in turn 
opens a relay circuit breaker to prevent a 
harmful or lethal shock. 


Full advantage of the U.S. UL943 timing 
specification is taken to ensure maximum 
immunity to false triggering due to line noise. A 
special feature is found in circuitry that rapidly 
resets the integrating timing capacitor in the 
event that noise pulses introduce unwanted 
charging currents. Also, a flip-flop is included 
that ensures firing of even a slow circuit 
breaker relay on either half-cycle of the line 


LM1851 


voltage when external full wave rectification is 
used. 


The application circuit can be configured to 
detect both normal faults (hot wire to ground) 
and grounded neutral faults. 


Connection Information 


8-Lead 8-Lead Plastic 
Dual In-Line Package 
(Top View) 


Dual In-Line SO-8 
(Top View) 


Function 
SCR Trig 
(-) Input 
(+) Input 


CONOR WND — 


Ordering Information 


Operating 


Temperature 
Rang 
LM1851N -40°C to +70°C 


Notes: 

N = 8 lead plastic DIP 

M = 8-lead plastic SOIC 

Contact a Raytheon sales office or representative for ordering 
information on special package/temperature range combinations. 
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Absolute Maximum Ratings 


SUPE CUPS. wcaccceniaverscinnsnssesvientcnscssnseresees 19 mA 
Power Dissipation ...................ssseeeeeeeeeee 570 mW 
Operating Temperature 

FREINGG  eicesoitexewetenaaenenrsanteaeesnene -40°C to +70°C 
Storage Temperature 

FANOO scesaccecetepehet eccesaveteuenss -65°C to +150°C 
Lead Soldering Temperature 

(50-8, 10 SOC) seisccrcsecerensnventceeeeteecee: +260°C 
Lead Soldering Temperature 

OU 60 SOC) etescctannieerndcencerapsnesersoes +300°C 


Thermal Characteristics 


8-Lead 
DIP 
Max. Junction Temp. | +125°C 
Max. P.T, < 50°C 300 mW 


‘“" DUA 
ili ee 
. JA 
A 


Therm. Res 0 160°C/W 240°C/W 
For T, < 50°C 6.25 mW/ 4.17 mW/ 
Derate at °C °C 


Functional Block Diagram 


Timing 
+Vs Capacitor 
e 


O O 
SCR inverting 
Trigger Input 


Ground Fault Interrupters 


Mask Pattern 


65-03978A 


Die Size: 69 x 59 mils 
Min. Pad Dimensions: 4x 4 mils 


Sense Amplifier 


Sensitivity 
Set Resistor Output 
O 
C) 
6 5 


| ITH 


_ IH for Iy> 0 
1” 3itH for y= 9 


65-03903A 


O 
Non-Inverting Gnd 


Input 
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Definition of Terms 


Normal Fault: An unintentional electrical path, Normal Fault Plus Grounded Neutral Fault: The 

Rp, between the load terminal of the hot line and combination of the normal fault and the 

the ground, as shown by the dashed lines. grounded neutral fault, as shown by the dashed 
lines. 


Line 
Line 


Neutral 


65-03904A 


Grounded Neutral Fault: An unintentional elec- 
trical path between the load terminal of the 
neutral line and the ground, as shown by the 
dashed lines. 


a a ee 


65-03906A 


Hot 


Neutral 


65-03905A 


DC Electrical Characteristics (Ta = +25°C, Isyunt = 5 mA) 


nna | —_ ne E_Ska 


Power Supply Shunt 


Sensitivity Set Voltage Pin 8 to Pin 6 
Output Drive Current Pin 1 With Fault 


Output Saturation Voltage Pin 1 Without Fault se 
Output Saturation Resistance Pin 1 Without Fault — 
Output External Current Pin 1 Without Fault, 
Sinking Capability Vpin 1 Held to 0.3V ° 


Pin 7, Ratio of Discharge 
Currents Between No 
Fault and Fault Conditions 


Noise Integration Sink 
Sink Current Ratio 
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LM1851 Ground Fault Interrupters 


AC Electrical Characteristics (Ta = = +25°C, Isuynt = 5 mA) 


[Parameter —__—_—_——~([Condtions_—————(|_‘Min_~| Wp | Max | Units 
[Normal Fault Curent Senstiviy [SeeFiguret= | 8 | 8 | 7 | mA_ 
[Normal FauitTrp Time [soon FauteeFig 2)” | | 7 | ‘| ms 


Normal Fault With Grounded 5002. Normal Fault, 18 ms 
Neutral Fault Trip Time 20 Neutral (see Fig. 2) ' 


Notes: 

1. Average of 10 trials. 

2. Required UL sensitivity tolerance is such that external trimming of LM1851 sensitivity will be necessary. 
3. This externally applied current is in addition to the internal "output drive current” source. 


Typical Performance Characteristics (T, = +25°C) 


Average Trip Time vs. Normal Fault Current 
Fault Salida Threshold vs. Rset 


ee Figure 2 7 ! = PAST r SET - ao. 
= aH ELE ee Se E ROT LT IF(rms)* x (0.91) x (0.91) HH 
Z ens LT < CoN ar eri aa 
- fe UL943 SH = P| TN all 
So ee Se 7 7  ® * e ee es es 
= S Sa Sa et. eee ane 
2 = [Sennen ene! aa Ge ot 0 co ee ee 
rr ® ae ee es ee ey 
Biiaitiie Hin AT 
u 2 
1 re 
100k 1M 10M 
Trip Time (Seconds) Rset ({2) 
*See Block Diagram 
Output Drive Current vs. Pin 1 Saturation Voltage vs. 
Output Voltage External Load Current, I. 
10 SS) Se ee ee ee we 
=z Rt — FH NT 9 
3 
= = 
£ 
® e 1 —————— ae 
ra Ss = 
‘ : 
5 GSS 1 
B $s = eae ae a Be EE < 
a O51) ee : 
3 0.01 Cr TT 3 
0.1 10 100 
Output Voltage @ Vpini (V) External Load Current (mA) 
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LM1851 


SCR 
Trigger 


Output 
+Vs 


—= 31V 1.5M 


65-03907A 


Figure 1. Normal Fault Sensitivity Test Circuit 


Gnd/Neutral 


e C) EOI, N 
. e e O 


Neutral 


Line 


0.01/400V 


LM1851 


200 pF 


*Adjust Rset for desired sensitivity 
65-03912A 


Figure 2. 120 Hz Neutral Transformer Application 
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LM1851 


Ground Fault Interrupters 


Principles of Operation 
(Refer to Functional Block Diagram) 


The voltage at the supply pin is clamped to +26V 
by the internal shunt regulator D3. This shunt 
regulator also generates an artificial ground 
voltage for the noninverting input of A1 (shown 
as a +10V source). Al, Q1, and Q2 act as a Cur- 
rent mirror for fault current signals (which are 
derived from an external transformer). When a 
fault signal is present, the mirrored current 
charges the external timing capacitor until its 
voltage exceeds the latch trigger threshold 
(typically 175V). When this threshold is 
exceeded, the latch engages and Q3 turns off, 
allowing lo to drive the SCR connected to pin 1. 


Extra circuitry in the feedback path.of A1 works 
with the switched current source |; to remove 
any charge on Cry induced by noise in the trans- 
former. If no fault current is present, then I; dis- 
charges Cry with a current equal to 3 I7y, where 
ITH Is the value of current set by the external 
Rsert resistor. If fault signals are present at the 
input of Al (which is held at virtual ground, 
+10V), one of the two current mirrors in the 
feedback path of A1 (Q4 and Q5) will become 
active, depending on which half-cycle the fault 
occurs in. This action will raise the voltage at Vs, 
switching |; to a value equal to Ity, and reduc- 
ing the discharge rate of Cy to better allow fault 
currents to charge it. 


Notice that Izy discharges Cry during both half- 
cycles of the line, while lz only charges Cry dur- 
ing the half-cycle in which Ir exits pin 2 (since 
Q1 will only carry fault current in one direction). 
Thus, during one half-cycle, I--l74 charges Cr, 
while during the other half-cycle I; discharges 
it. 


Application Circuit 


A typical ground fault interrupter circuit is 
shown in Figure 2. It is designed to operate on 
120 VAC line voltage with 5 mA normal fault 
sensitivity. 


A full-wave rectifier bridge and a 15k/2W resistor 
are used to supply the dc power required by the 
IC. A 1 uF capacitor at pin 8 used to filter the 
ripple of the supply voltage and is also con- 
nected across the SCR to allow firing of the 
SCR on either half-cycle. When a fault causes 
the SCR to trigger, the circuit breaker is ener- 
gized and line voltage is removed from the load. 
At this time no fault current flows and the Cr 
discharge Current increases from Ity to 3ltyH 
(see Block Diagram). This quickly resets both 
the timing capacitor and the output latch. The 
circuit breaker can be reset and the line voltage 
again supplied to the load, assuming the fault 
has been removed. A 1000:1 sense transformer 
is used to detect the normal fault. The fault cur- 
rent, which is basically the difference current 
between the hot and neutral lines, is stepped 
down by 1000 and fed into the input pins of the 
operational amplifier through a 10 uF capacitor. 
The 0.0033 uF capacitor between pin 2 and pin 3 
and the 200 pF between pins 3 and 4 are added 
to obtain better noise immunity. The normal 
fault sensitivity is determined by the timing 
Capacitor discharging Current, Ity. ITH Can be 
calculated by: 


TV 
RSET 


ITH = +2 (1) 
At the decision point, the average fault current 
just equals the threshold current, It. 


ITH = “Fisms)_ x 0.91 (2) 


where IF (rms) is the rms input fault current to the 
operational amplifier and the factor of 2 is due 
to the fact that IF charges the timing capacitor 
only during one half-cycle, while It discharges 
the capacitor continuously. The factor 0.91 con- 
verts the rms value to an average value. Com- 
bining equations (1) and (2) we have: 


7V 


[ 3 
lF(rms) x 0.91 ( ) 


Rset = 
For example, to obtain 5 mA(rms) sensitivity for 
the circuit in Figure 2 we have: 


7V 


9 mA x 0.91 
1000 


Rset = = 1.5 MQ (4) 
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LM1851 


The correct value for Rset can also be deter- 
mined from the characteristic curve that plots 
equation (3). Note that this is an approximate 
calculation; the exact value of Rset depends on 
the specific sense transformer used and LM1851 
tolerances. Inasmuch as UL943 specifies a 
sensitivity “window” of 4 mA to 6 mA, provision 
should be made to adjust Rse7 with a 
potentiometer. 


Independent of setting sensitivity, the desired 
integration time can be obtained through proper 
selection of the timing capacitor, Cr. Due to the 
large number of variables involved, proper selec- 
tion of Cr is best done empirically. The follow- 
ing design example should only be used as a 
guideline. 


Assume the goal is to meet UL943 timing 
requirements. Also assume that worst case tim- 
ing occurs during GFI start-up (S1 closure) with 
both a heavy normal fault and a 20 grounded 
neutral fault present. This situation is shown 
diagramatically below. 


Neutral 


Rn 
0.4 


Re 
1.6 


(0.2)! 


65-03913A 


UL943 specifies < 25 ms average trip time under 
these conditions. Calculation of Cr based upon 
charging currents due to normal fault only is as 
follows: 


e Start with a < 25 ms specification. Subtract 
3 ms GFI turn-on time (15k and 1 uF). Sub- 
tract 8 ms potential loss of one half-cycle due 
to fault current sense of half-cycles only. 


e Subtract 4 ms time required to open a slug- 
gish circuit breaker. 


e This gives a total < 10 ms maximum integra- 
tion time that could be allowed. 


e To generate 8 ms value of integration time 
that accommodates component tolerances 
and other variables: 


where T = integration time 
V = threshold voltage 
| = average fault current into Cy 


i= ( 20 Vac(rms) ) - ( Rn ) 


Rp Re + Rn 
eneintca emma EE 
heavy fault portion of 
current generated fault Current 
(swamps ITH) shunted 
around GFI 


(git) (4) « 09 6 


current Cr charging rms to 
division of on half- average 
input sense cycles only conversion 
transformer 
therefore: 


-_ _ltea0) 


Tear Goad) 5) (0.91)]* 0.0008 
175 


Cr = 0.01 uF (7) 
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In practice, the actual value of Cy will have to be 
modified to include the effects of the neutral 
loop upon the net charging current. The effect 
of neutral loop induced currents is difficult to 
quantize, but typically they sum with normal 
fault currents, thus allowing a larger value of Cr. 


For UL943 requirements, 0.015 wF has been 
found to be the best compromise between tim- 
ing and noise. 


For those GFI standards not requiring grounded 
neutral detection, a still larger value capacitor 


can be used and better noise immunity obtained. 


Ground Fault interrupters 


The larger capacitor can be accommodated 
because Ry and Rg are not present, allowing 
the full fault current, |, to enter the GFI. 


In Figure 2, grounded neutral detection is 
accomplished by feeding the neutral coil with 
120 Hz energy continuously and allowing some 
of the energy to couple into the sense trans- 
former during conditions of neutral fault. 


Transformers may be obtained from Magnetic 
Metals, Inc., 21st Street and Hayes Street, 
Camden, NJ 08101 — (609) 964-7842. 


LM1851 


Section 10 


Schematic Diagram 


Ovl6E0-S9 


(po) 
WEE'LL 6y 
oly 
XvS'b 
sso 
a) O 
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a 
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(20 


8Ld 


OOL 
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Ground Fault interrupters 


RV4143, 4144 
Ground Fault 
Interrupters 


Features 

M@ Direct interface to SCR 

Supply voltage derived from ac line — 
26V shunt 

Adjustable sensitivity 

Grounded neutral fault detection 
Meets U.L. 943 standards 


Description 


The RV4143 and RV4144 are controllers for ac 
outlet ground fault interrupters. These devices 
detect hazardous grounding conditions, such as 
a pool of water and equipment connected to 
opposite phases of the ac line, and open circuits 
the line before a harmful or lethal shock occurs. 


Contained internally are a 26V zener shunt 
regulator, an op amp, and an SCR driver. With 
the addition of two sense coils, a bridge rectifier, 
an SCR, and a relay the 4143 or 4144 will detect 
and protect against both hot wire to ground and 
neutral wire to ground faults. The simple layout 
and conventional design ensure ease of applica- 
tion and long term reliability. 


Ordering Information 


Operating 
Part Number Package Temperature 
Range 
RV4143N -35°C to +85°C 
RV4144N -35°C to +85°C 


Notes: 

N = 8-lead plastic DIP 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 


Dual In-Line Package 


ue 
= 


ONO Oh WD = 


Input Resistor Values 
4143 


1K 
10K 


Connection Information 


Function 

VFB 

+Input 

Vier (+13V) 
Ground 

SCR Trigger 
+V, 

Op Amp Output 
NC 


65-1748A 
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Section 10 


Mask Pattern 


65-02065A 


Die Size: 56 x 49 mils 
Min. Pad Dimensions: 4 x 4 mils 


Electrical Characteristics (15 = 5mA and Ta = +25°C) 


[Parameters | Test Conditions| Min | Typ | Max | Units 


Shunt Regulator 
Zener Shunt Voltage _ 


Reference Voltage 


Op Amp 
Input Offset Voltage 


Output Voltage Swing 
AC Output Voltage 


Resistors 
R3 
_R1 RV4143 
R1 RV4144 
R2 RV4143 
R2 RV4144 


SCR Trigger 
VoH 


Ay = 500, fin = 50kHz 
Vin = 1mMVams 


RV4143, 4144 


Absolute Maximum Ratings 


SUDDIY GUITONE 26 secesseweadeeieas xe 18mA 
Internal Power Dissipation ........... 500mW 
Storage Temperature 

AaNGG: cos caversctdensases -65°C to +150° C 
Operating Temperature 

RANGS <oicdcodetiwedieeien -35°C to +80°C 
Lead Soldering Temperature 

(G0 DOC): sxe artucecstcecseduensees +300° C 


Max. Junction Temp. 126°C 
Max. Pp Ta < 50°C 468mW 


Therm Resto | 
CW 
For Ty > 50°C Derate at 6.25mW per °C 
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RV4143, 4144 


Ground Fault Interrupters 


Electrical Characteristics (is = 5mA, over the specified temperature range) 


Shunt Regulator 
Zener Shunt Voltage 


Pin 6 
Pin 3 


Reference Voltage 


Op Amp 
Input Offset Voltage 


Output Voltage Swing 


AC Output Voltage 


Ay = 500, fin = 
Vin = 1mVams 


Resistors 
R3 


R1 RV4143 
R1 RV4144 
R2.RV4143 
R2 RV4144 


SCR Trigger 
VoH 


Across 4.7kO 


Principles of Operation 


The 26V shunt regulator voltage generated by 
the string of zener diodes is divided into three 
reference voltages: 3/4Vs, 1/2Vs, and 1/4Vs. 
Vrer is at 1/2Vs and is used as a reference to 
create an artificial ground of +13V at the op amp 
non-inverting input. Fault signals from the sense 
coil are AC coupled into the input and are 
amplified according to the following equation: 


RS 
Av= Rip | 


Where R1B equals the value of an internal 
resistor. When the output of the op amp swings 
above 3/4Vs or below 1/4Vs the SCR trigger 
output will go high and fire an external SCR. 


Grounded neutral fault detection is accom- 
plished when a short or fault closes a magnetic 
path between two sense coils. The resultant AC 
coupling through the three coils (the sense coil 
to the single-turn fault to the feedback coil) 


Raytheon 


Test Conditions Min | Typ | Max | Units 


earapaee 
V 


crams [es [se [Jv 


50kHz 


closes a positive feedback path around the op 
amp, and therefore the op amp oscillates. When 
the peaks of the oscillation voltage exceed the 
SCR trigger comparator thresholds the SCR 
output will go high. 


Application Circuit 


Figure 1 shows the diagram of a 120V AC outlet 
type GFI using a 4144 (circuits using the 4143 
may require a lower value for C2 to maintain 
noise immunity). 


Shunt Regulator 


R4 limits the current into the shunt regulator; 
220V applications will require substituting a 30K 
4W resistor. D3 prevents the bridge output from 
discharging the supply bypass capacitor (C6). In 
addition to supplying power to the IC, the shunt 
regulator creates internal references voltages 
(see above). 
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RV4143, 4144 


Operational Amplifier 


R2 is a feedback resistor that sets gain and 
therefore sensitivity to normal faults. To adjust 
R2, follow this procedure: apply the desired fault 
current (a difference in current of 5mA is the 
U.L. 943 standard). Adjust R5 upward until the 
SCR activates. A fixed resistor should not be 
used for R5, as the resultant +30% variation in 
sensitivity will not meet U.L.’s 4-6mA specifica- 
tion window. 


C2 and C3 are noise filter capacitors. C3 and R5 
combine to set a high frequency roll off point at 
10kHz. The roll off frequency should be greater 
than the grounded neutral fault oscillation fre- 
quency, in order to preserve loop gain for oscil- 
lation (set by the inductance of the 200:1 coil 
and C5). As shown, with an inductance of about 
60mH, it oscillates at 5.4kKHz. 


The sensitivity to grounded neutral faults is 
adjusted by changing the frequency of oscilla- 
tion. Increasing the frequency reduces the 


Schematic Diagram 


Ground Fault interrupters 


sensitivity by reducing the loop gain of the posi- 
tive feedback circuit. As frequency increases, 
the signal becomes attenuated by R5 C3 and the 
loop gain decreases. With the values shown the 
circuit will detect a grounded neutral fault 
having resistance of 22 or less. 


The inputs to the op amp are protected from 
overvoltage by D1 and D2. The input filter 
capacitor, C2, must be adjusted downward for 
4143 applications; a value of 820pF is typical. 


SCR Driver 


The SCR used must have a high dV/dt rating to 
ensure that noise (generated by noisy appli- 
ances such as a drill motor) does not falsely 
trigger the SCR. Also, the SCR must have a gate 
drive requirement of less than 300uA. C7 is 
another noise filter capacitor that prevents 
narrow pulses from firing the SCR. 


The circuit breaker used should have a 5mS or 
less response time in order to meet the U.L. 943 
timing requirement. 


+Vs 
(6) 
@ 
GND 
~ (4) 
U 8 
Op Amp SCR 
Output Trigger 
(7) (5) 65-01746B 
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eee eee ————EeEeEeEeEeEeEeEeEeEeEeEeEeEeEeeee—e 


RV41 4 5 the line before a harmful or lethal shock occurs. 


Contained internally is a 26V zener shunt regu- 


LOW Power lator, an op amp, and an SCR driver. With the 


addition of two sense coils, a bridge rectifier, an 
G rou na Fau It SCR, and a relay, the 4145 will detect and 
protect against both hot wire to ground and 
i t t neutral wire to ground faults. The simple layout 
Nn erru Dp er and conventional design ensure ease of appli- 
cation and long term reliability. 
Connection Information 


Features 


™@ No potentiometer required 8-Lead Plastic 8-Lead Plastic 
™ Direct interface to SCR Dual In-Line SO-8 Dual In-Line Package 


m Supply voltage derived from ac line — 26V (Top View) (Top View) 
shunt 

Adjustable sensitivity 

Grounded neutral fault detection 
Meets U.L. 943 standards 

450 pA quiescent current 

Ideal for 120V or 220V systems 


Function 


VFB 

+Input 

Ver (+13V) 
Ground 

SCR Trigger 
+V, 

Op Amp Output 
NC 


Description 


The RV4145 is a low power controller for ac 
outlet ground fault interrupters. These devices 
detect hazardous grounding conditions, such as 
a pool of water and equipment connected to 
opposite phases of the ac line, and open circuits 


ONOOPLWND — 
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Ground Fault Interrupters 


Ordering Information 


Operating 
Part Number Package Temperature 
Range 
RV4145N -35°C to +85°C 
RV4145M -35°C to +85°C 


Notes: 

N = 8-lead plastic DIP 

M = 8-lead plastic SOIC 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 


Absolute Maximum Ratings 


SUDDIV GUMGIN a ciseseenetcacdevcsnsvnccerssadmesessions 18 mA 
Internal Power Dissipation ................... 500 mW 
Storage Temperature 

PRONG savcessaseiirsertnsaeteeersenees -65°C to +150°C 
Operating Temperature 

GO sasscctasevtavertaseraneersncvens -35°C to +80°C 
Lead Soldering Temperature 

(60 S66. DIP) senisececssnstevetecreneacennets +300°C 

CFS 6 Cy BO) sa racarcororoccserniscteurenseuss +260°C 


Thermal Characteristics 


8-Lead 8-Lead 
Plastic Plastic 
SOIC DIP 


ee 


4.1mW | 6.25 mW 
per °C per °C 


For T, >50°C 
Derate at 


Mask Pattern 


Die Size: 49 x 46 mils 
Min. Pad Dimensions: 4 x 4 mils 


Functional Block Diagram 


+Input 


Common 


(+13V) 


GND 


65-1748 


Raytheon 10-17 


Section 10 RV4145 


Electrical Characteristics (|, = 1.5 mA and T, = +25°C) 


Test Conditions 


Shunt Regulator 
Zener Voltage (V,) 
Reference Voltage 
Quiescent Current (I,) 
Operational Amplifier 
Offset Voltage 
+Output Voltage Swing 
-Output Voltage Swing 
+Output Source Current 
-Output Sink Current 
Gain Bandwidth Product 


SCR Trigger Voltage 
Detector On 
Detector Off 


Shunt Regulator 
Zener Voltage (V,) 
Reference Voltage 
Quiescent Current (I,) 
Operational Amplifier 
Offset Voltage 
+Output Voltage Swing 
-Output Voltage Swing 
Gain Bandwidth Product 


SCR Trigger Voltage 
Detector On 
Detector Off 
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Pin 6 to Pin 4 
Pin 3 to Pin 4 
+V, = 24V 


Pin 2 to Pin3 
Pin 7 to Pin3 
Pin 7 to Pins 
Pin 7 to Pins 
Pin 7 to Pins 
= = 50 kHz 


l,=OmA 

Pin 2 to Pin 3 
Pin 1 to Pins 
EnowENs 


Pin 6 to Pin 4 
Pin 3 to Pin 4 
+V, = 23V 


Pin 2 to Pin3 
Pin 7 to Pins 
Pin 7 to Pins 
f = 50 kHz 


l,=OmA 

Pin 2 to Pin 3 
Pin 1 to Pin 3 
Pin 5 to Pin 4 


Pin 5 to Pin 4 


RV4145 


Principles of Operation 


The 26V shunt regulator voltage generated by 
the string of zener diodes is divided into three 
reference voltages: 3/4 VS, 1/2 VS, and 1/4 VS. 
VREF is at 1/2 VS and is used as a reference 
to create an artificial ground of +13V at the op 
amp non-inverting input. Fault signals from the 
sense coil are ac coupled into the input and are 
amplified according to the following equation: 


V7 = R2 x Isense/N 


Where V7 is the RMS voltage at pin 7 relative 
to pin 3, R2 is the value of the feedback resistor 
connected from pin 7 to pin 1, Isense is the 
fault current in amps RMS and N is the turns 
ratio of the sense coil. When V7 exceeds plus 
or minus 7.2V relative to pin 3 the SCR Trigger 
output will go high and fire an external SCR. 


The formuia for V7 is approximate because it 
does not include the sense coil characteristics. 


Grounded neutral fault detection is accom- 
plished when a short or fault closes a magnetic 
path between two sense coils. The resultant ac 
coupling through the three coils (the sense coil 
to the single-turn fault to the feedback coil) 
closes a positive feedback path around the op 
amp, and therefore the op amp oscillates. 
When the peaks of the oscillation voltage 
exceed the SCR trigger comparator thresholds 
the SCR output will go high. 


Application Circuit 


Figure 1 shows the diagram of a 120V ac outlet 
type GFI using a 4145. 


Shunt Regulator 


R3 limits the current into the shunt regulator; 
220V applications will require substituting a 90 
kQ 1W resistor. D1 prevents the bridge output 
from discharging the supply bypass capacitor 
(C6). In addition to supplying power to the IC, 
the shunt regulator creates internal reference 
voltages (see above). 


Ground Fault Interrupters 


Operational Amplifier 


R2 is a feedback resistor that sets gain and 
therefore sensitivity to normal faults. To adjust 
R2 follow this procedure: apply the desired 
fault current (a difference in current of 5 mA is 
the U.L. 943 standard). Adjust R2 upward until 
the SCR activates. A fixed resistor can be used 
for R2, since the resultant 15% variation in 
sensitivity will meet U.L.’s 4-6 mA specification 
window. 


C3 is a noise filter capacitor. C3 and R2 com- 
bine to set a high frequency roll-off point at 10 
kHz. The roll-off frequency should be greater 
than the grounded neutral fault oscillation 
frequency, in order to preserve loop gain for 
oscillation (set by the inductance of the 200:1 
coil and C5). As shown, with an inductance of 
about 60 mH, it oscillates at 5.4 kHz. 


The sensitivity to grounded neutral faults is 
adjusted by changing the frequency of oscilla- 
tion. Increasing the frequency reduces the 
sensitivity by reducing the loop gain of the 
positive feedback circuit. As frequency in- 
creases, the signal becomes attenuated by R2 
C3 and the loop gain decreases. With the 
values shown the circuit will detect a grounded 
neutral fault having resistance of 2Q or less. 


The inputs to the op amp are protected from 
overvoltage by back-to-back diodes. 


SCR Driver 


The SCR used must have a high dV/dt rating to 
ensure that noise (generated by noisy appli- 
ances such as a drill motor) does not falsely 
trigger the SCR. Also, the SCR must have a 
gate drive requirement of less than 300 pA. C7 
is another noise filter capacitor that prevents 
narrow pulses from firing the SCR. 


The circuit breaker used should have a 5 mS or 
less response time in order to meet the U.L. 
943 timing requirement. 
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Figure 1. GFI Application Circuit 
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RV4145 


Schematic Diagram 
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SPECIAL FUNCTIONS 


Section 11 


RM3182 

ARINC 429 
Differential 
Line Driver 


Features 


Adjustable rise and fall times 
Adjustable output voltage swing 
Short circuit protected 

Output overvoltage protected 
Sync and clock enable inputs 
TTL and CMOS compatible inputs 
Mil-Std-883B types available 

100 Kbits/second data rate 


Description 


The RM3182 consists of a bus interface line 
driver circuit plus auxiliary gating and synchroni- 
zation circuitry. Designed to address the ARINC 
429 standard, the RM3182 has output rise and 
fall times adjustable by the selection of two 
external capacitor values, and the output voltage 
swing range can be adjusted through an exter- 
nally applied VREF signal. The logic inputs as 
well as the sync control inputs are TTL/CMOS 
compatible. The device is constructed on a 
monolithic IC using a junction-isolated bipolar 
process. Sputtered SiCr resistors are used in the 


RM3182 


internal bias circuitry, providing stable internal 
bias currents and also providing a tighter distribu- 
tion of output impedance (410%) when compared 
to industry-standard 3182 types. The RM3182 is 
available in 16-lead ceramic DIP and 28-pad 
LCC, and can be ordered with Mil-Std-883B high 
reliability screening. 


Ordering Information 


Operating 
Temperature 
Range 


-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


Part Number Package 


RM3182S 
RM3182S/883B 
RM3182L 
RM3182L/883B 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
S = 16-lead sidebraze ceramic DIP 

L = 28-pad leadless chip carrier 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 
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Special Functions 


Connection Information 


16-Lead Sidebraze DIP (Top View) 


Pin Function Pin Function 
1 Veer 9 +V. 
2 Pwr Enable 10 NC 
3 Sync 11 B 
4 __ Data(A) “6 C 
5 Cc : 
A 13 Data(B) 
6 Agu 14 Clock 
rf “V.. 15 NC 
8 Gnd 16 V1 


Absolute Maximum Ratings 


Supply Voltage (+V., tO -Vog)....sececeeeeeeeeees 36V 
MY VOUAQC: ccsisasnsctucianstansnccoareseueraxceustnemacsests +7V 
Vag VONAGE ......-.-.cererscsecersceesesereesesecenereees +6V 
Logic Input Voltage ............... -0.3V to +V.+0.3V 
Output Short Circuit Duration ........... See Note 1 
Output Overvoltage ..............::ccceseeseeeeeees +6.5V 
Storage Temperature 

FANOG ceccsescistassnccsenrsrinnion -65°C to +150°C 
Operating Temperature 

FRANCO teinncireaieacrrreecesns -55°C to +125°C 

docuudeasiezeedeeameuesas teense taneuteaserteanses See Note 2 
Lead Soldering Temperature 

(OO COC) passttenctecctecere ss rentiieseecgs +300°C 
Notes: 


1. Heatsinking may be required for output short circuit at 
+125°C. 

2. Heatsinking may be required depending on load and 
signal frequencies. 
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B" 
=) 


ONOOAWND — 


co 


28-Pad LCC (Top View) 
43 2 227 2& 


5 
6 24 
7 23 
& 22 
3 21 
10 20 
11 19 
1213 14151617 18 
65-4193 
Function Pin Function 
Vice 15 Gnd 
C 16 +V, 
PwrEnable 17 Bias 
Sync 18 NC 
NC 19 NC 
Data(A) 20 NC 
NC 21. NC 
ve 2 . 
C 
A 23 Data(B) 
NC 24 NC 
NC 25. — Clock 
NC 26 NC 
Aour 27 NC 
“Ve, 28 V1 


Thermal Characteristics 
(still air, soldered into PC board) 


16-Lead 
Sidebrazed 
DIP 


Max. Junction Temp. +175°C +175°C 


Max.P,T,<50°C | 1470mW |1040 mw 


Therm. Res 6,,, 25°C/W 
| Therm. Res. 6,, 85°C/W | 120°C/W 


For T, >50°C Derate | 11.7 mW 
at per"C 
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Functional Block Diagram 


Vrer +Vz Ca 
(1) (J (990) (CJ (5) 
eee eee ami o 
“4 Zz ae Driver r—4 Aout 
Data (A) (] Level Shifter : (A) | 
OA ese } 
site, pes 
clock a Lad 
i Ry 
(3) =e a ee We el GEE ey ee) 
Syne [ 7 | tL g iN 
Level Shifter 
3 LL | Sie i > ) 
Data (8) [1 put “ 
Driver 
Blas ama x i: | T | User 
(16) ye ae as GR | ; on 
v1 LJ Current | lL ! 
Power Se Regulator lear. 
Enable 2) | Voltage | 
mo CJ (12) Aaiaeha te 
Vs Cs 
66-4185 
Notes: 


1. Ry and C, are external. Full load values are: R, = 400 Q, C, = 0.03 pF. 
2. Pin numbers are for 16-lead DIP. 


Truth Table 


[Syne | eieok [ DaiatA) [Ba [ Fawr [Boor [Coron 
X X X OV OV 


ce ae ade eT 


=F 

er 
te Hi ie 

4 ted Fed fad Pad Fad An 

ig! gt Uggla tg _ 


a ny 
Se FAL Ree 

pee 
ql - 


Ge AM 


atzi= 
= 


A ig 3 pA 
TT TTT 
eee 


= 
= 
= 
= 


Die Size: 118 x 110 mils 
Min. Pad Dimensions: 4x 4 mils 
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RM3182 Special Functions 


Electrical Characteristics 
(V, = +15V, Voce = V1 = +5V, Pwr Enable = OV, R, = open circuit, 55°C < T, < +125°C) 


Positive Supply Current Data Rate = 0 to 100 Kbits/sec a 
Negative Supply Current Data Rate = 0 to 100 Kbits/sec | 16 | -10 | 


Veer Suply Cure 
a FF a 
rae ao 

Ouiput Votage High | WihRespectio Ground _——+| 476 | ‘50 
=< 
Fr 
ee 


-0. 


~ 
oO 
= = Be 


< 


[Output Voltage Nul___| ‘Both Data input=LogicO _—_—+| 250 
[input Current High | Vw=20V YS 
[Input Curentiow | Vy=OSV | 
[Output Short Circuit Current | Outputin High Stat, toGnd—— | 
[Output Short Circuit Curent | Ouiputin Low State, to Gnd | 80 
Positive Supply Current | Output High and ShortedtoGnd | | 

165 

i 


Negative Supply Current Output Low and Shorted to Gnd 


+ 
D S 
oO oO 


Bisais 


*Guaranteed by design. 


Typical Power Dissipation Characteristics 
(V, = +15V, V1 = V,_, = +5V, Pwr Enable = OV, T, = +25°C) 


Positive Negative Pin V1 Internal | Load 
Data Rate Supply Supply Supply Power Power 
(Kbits/sec) Current Current Current Dissipation Dissipation 


0 to 100 Open Circuit 325 mW 
12.5 to 14 Full Load** 660 mW 
100 Full Load** 1000 mW 


**R, = 400Q, C, = 0.03 pF (see Functional Block Diagram). 
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Principles of Operation 


Each device consists of one differential driver 
and associated gating circuitry. The gating cir- 
cuitry consists of clock and sync signal inputs 
which are ANDed with the two data inputs. See 
the block diagram and truth table on page 3. 
Three power supplies are required to operate the 
RM3182 in a typical ARINC 429 bus application: 
+15V, -15V, and +5V. The +5V supply, in addition 
to powering the internal bus current regulator, 
provides a reference voltage that determines the 
output voltage swing. The differential output 
swing will equal 2V,_.. . If a value of V._. other 
than +5V is used, then a separate +5V supply is 
required for pin V1. 


Figure 1 depicts connections for the ARINC 429 
application. The driver output impedance is 
nominally 75Q. With the Data(A) input at a logic 


high and Data (B) input at a logic low, A,,,, will 


+5V 


Inputs 


RM3182 


swing to +V.,_, and B ¥,,. will swing to -V,_. 
(constituting a logic high state). Reversing the 
data input states will cause A,,,,, to swing to 
-V.-- and Bout to +V..-- With both data input 
signals at a logic low state, the outputs will both 
swing to OV (output in null state). 


The slew rate of the outputs, and consequently 
rise and fall times, can be adjusted through the 
selection of two external capacitor values. Typical 
values are C, = C, = 75 pF for high-speed 
operation (100 Kbits/sec) and C, = C, = 500 pF 
for low-speed operation (12.5 to 14 Kbits/sec). 


The device can be powered down by applying a 
logic high signal to the Power Enable pin. If the 
power down feature is not used, then the Power 
Enable pin should be tied directly to ground. 


z 
To Bus 
Ss 
a 
-15V 
65-4187 


Figure 1. ARINC 429 Bus Application 
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Special Functions 


Aout~Bour 


eect LO be 
| 


Veer 1) by Cg 


Aout 


Bout 


OV 


Note: Outputs unloaded 


Figure 2. Switching Waveforms 


Schematic Diagram 


ajqeuy 18M0d 


RC4200 


Special Functions 


RC4200 
Analog Multiplier 


Features 


@ High accuracy 
Non-linearity — 0.1% maximum 
Temperature coefficient — 0.005%/° C 
typical 

B® Multiple functions 
Multiply, divide square, square root, 
RMS-to-DC conversion, AGC, and 
modulate/demodulate 

@ Wide bandwidth — 4MHz 

® Signal-to-noise ratio — 94dB 


Description 


The Raytheon RC4200 is the industry’s first 
integrated circuit multiplier to have complete 
compensation for nonlinearity, the primary 
source of error and distortion. This is also the 
first IC multiplier to have three on-board oper- 
ational amplifiers designed specifically for use in 
multiplier logging circuits. These specially 
designed amplifiers are frequency compensated 
for optimum AC response in a logging circuit, 
the heart of a multiplier, and can therefore pro- 
vide superior AC response in comparison to 
other analog multipliers. 


Versatility is unprecedented; this is the first IC 
multiplier that can be used in a wide variety of 
applications without sacrificing accuracy. 
Four-quadrant muitiplication, two-quadrant 
division, square-rooting, squaring and RMS 
conversion can all be easily implemented with 
predictable accuracy. The nonlinearity compen- 
sation is not just trimmed at a single temper- 
ature, it is designed to provide compensation 


over the full temperature range. This non- 
linearity compensation combined with the low 
gain and offset drift inherent in a well designed 
monolithic chip provides a very low accuracy 
tempco. 


The excellent linearity and versatility were 
achieved through circuit design rather than 
special grading or trimming, and therefore unit 
cost is very low. Analog multipliers can now be 
used in applications where price was previously 
an inhibiting factor. 


The Raytheon RC4200 is ideai for use in low dis- 
tortion audio modulation circuits, voltage- 
controlled active filters, and precision 
oscillators. 


Connection Information 


8-Lead 
DE and NB 
Dual In-Line Package 
(Top View) 


Function 
lo 

Vose2 

—Vs 

Is (Output) 


RS 
5 


1 
Ps 
3 
4 
5 
6 
7 
8 


65-01886A 
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Absolute Maximum Ratings 


SUPPly VOItAGE ...........:ccccccececssssssesesssesseeees -22V 
Internal Power Dissipation™ .................. 500 mV 
POU UT GIN caatencedere giesetetassaeieisecewinnssaetys -5mA 
Storage Temperature Range 
RM4200/4200A ...........cccccees -65°C to +150°C 
RV4200/4200A .........ccccceeeeee -55°C to +125°C 
RC4200/4200A ..............:0008 -55°C to +125°C 
Operating Temperature Range 
RM4200/4200A .............000008 -55°C to +125°C 
RV4200/4200A .............00000000s -25°C to +85°C 
RC4200/4200A 1.0... eeeeeeeees 0°C to +70°C 


“For supply voltages less than +22V, the absolute maximum 
input voltage is equal to the supply voltage. 
**Observe package thermai characteristics. 


Ordering Information 


Operating 
Temperature 


Part Number 


0°C to +70°C 
0°C to +70°C 


-25°C to +85°C 
-25°C to +85°C 


-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


RM4200D 
RM4200D/883B 
RM4200AD 
RM4200AD/883B 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 

D = 8-lead ceramic DIP 

Contact a Raytheon sales office or representative for 
ordering information on special package/ftemperature 
range combinations. 
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Thermal Characteristics 


eat 
Plastic DIP | Ceramic DIP 
Therm. Res.tic |__| OW 


| For Ta, > 50°C Derate at | 6.25mW 8.33mMW 
per °C per °C 


Mask Pattern 


65-02771A 


Die Size: 78 x 66 mils 
Min. Pad Dimensions: 4 < 4 mils 


RC4200 Special Functions 


Electrical Characteristics 
(Over Operating Temperature Range, Vs = -15V unless otherwise noted) 


4200A 
roms | ots 
Total Error as Multiplier Cr a 
Untrimmed (Note 1) 
With External Trim aa 
Versus Temperature a 
Pa ae 


a 


I+ I+ 

—) wo 

ro) oO 
oS 


+ 

— 

lam) 
= o 


aa = 
RO by = | 
4 
rh 
(<a | 
NO i = | 


I+ 
i) 
=, 
=, 
LS) 
I+ 
fon) 
So 
© 
on 
oO 
Oo 
~~ 
° 
C2 


I+ 
ae 


Ll > 
| 
| 


—v 
3 =/r 


(=) 
i=) 
™ 
<= 


Versus Supply (-9 to -18V) 


uA sly 94 5 250uA, 
Ta = +25°C (Note 2) 


Input Current Range (ly, lo and 14) BE 1.0 


Input Offset Voltage ae \ - 150uA, 
Input Bias Current le? a ; 150uA, 


Average Input Offset eae 
Voltage Drift ly = Ip = Iq = 150uA 


Output Current Range 


Nonlinearity 


|+ 
a 
Oo 


ek 
S 
So 
fan) 
— 
S 
So 


I+ 
=k 
oS 
ro) 
.= 
<= 
= 
° 
fp) 


(Ig) 
Frequency Response, -3dB point 


> 

ion) : 
ww 
So 
& 


| uals 
— . 


Supply Voltage 


ly = lo = 14 = 150A, 
Supply Current Ta = +25°C 


Notes: 1. Refer to Figure 6 for example. 
2. The input circuits tend to become unstable at Ij, lo, 14< 504A and linearity decreases when ly, lo, I4 > 250uA 
(eq. @ |; = Ip = 500uA, nonlinearity error ~ 0.5%). 
3. These specifications apply with output (13) connected to an op amp summing junction. If desired, the output (Iz) at 
pin (4) can be used to drive a resistive load directly. The resistive load should be less than 7002 and must be pulled 
up to a positive supply such that the voltage on pin (4) stays within a range of 0 to +5V. 


I+ 
on 
S&S 
| aah. ak: 
poe . . 


as 
Nn 
a 
y on 
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Functional Description 


The RC4200 multiplier is designed to multiply 
two input currents (I; and lo) and to divide by a 
third input current (14). The output is also in the 
form of a current (I3). A simplified circuit dia- 
gram is shown in Figure 1. The nominal relation- 
ship between the three inputs and the output is: 


Ig = —— (1) 


The three input currents must be positive and 
restricted to a range of 1uA to 1mA. These cur- 
rents go into the multiplier chip at op-amp 
summing junctions which are nominally at zero 
volts. Therefore, an input voltage can be easily 
converted to an input current by a series 
resistor. Any number of currents may be 
summed at the inputs. Depending on the appli- 
cation, the output current can be converted to a 
voltage by an extermal op amp or used directly. 
This capability of combining input currents and 
voltages in various combinations provides great 
versatility in application. 


Inside the multiplier chip, the three op amps 
make the collector currents of transistors Q1, 
Q2, and Q4 equal to their respective input cur- 
rents (4, lo, and I4). These op amps are 
designed with current-source outputs and are 
phase-compensated for optimum frequency 


l2 14200 Multiplier 


65-01885A 


Figure 1. Functional Diagram 
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response as a multiplier. Power drain of the op 
amps was minimized to prevent the introduction 
of undesired thermal gradients on the chip. The 
three op amps operate on a single supply volt- 
age (nominally -15V) and total quiescent current 
drain is less than 4mA. These special op amps 
provide significantly improved performance in 
comparison to 741-type op amps. 


The actual multiplication is done within the log- 
antilog configuration of the Q1-Q4 transistor 
array. These four transistors, with associated 
proprietary circuitry, were specially designed to 
precisely implement the relationship 


kT | 
VBeN = —— In — (2) 
q SN 


Previous multiplier designs have suffered from 
an additional undesired linear term in the above 
equation; the collector current times the emitter 
resistance. This Icre term introduces a parabolic 
nonlinearity even with matched transistors. 
Raytheon has developed a unique and proprie- 
tary means of inherently compensating for this 
undesired Icre term. Furthermore, this Raytheon- 
developed circuit technique compensates 
linearity error over temperature changes. The 
nonlinearity versus temperature is significantly 
improved over earlier designs. 


From equation (2) and by assuming equal tran- 
sistor junction temperatures, summing base-to- 
emitter voltage drops around the transistor array 
yields: 


Ist Iso Is3 Is4 


Yin In !2._ in 13. _ In tf oe 


This equation reduces to: 


ly 12 _ Is1 Isa (4) 
Ig14  Isg Isq 


The ratio of reverse saturation Currents, Is4lso/ 
Isgls4, depends on the transistor matching. Ina 
monolithic multiplier this matching is easily 
achieved and the ratio is very close to unity, 
typically 1.0 +1%. The final result is the desired 
relationship: 


Raytheon 


RC4200 


p= 4 (5) 


l4 


The inherent linearity and gain stability com- 
bined with low cost and versatility makes this 
new circuit ideal for a wide range of nonlinear 
functions. 


Basic Circuits 


Current Multiplier/Divider 


The basic design criteria for all circuit configura- 


tions using the 4200 multiplier is contained in 
equation (1): 


.e., Ig= —= 


The current-product-balance equation restates 
this as: 


Iylo = Ial4 (6) 


R14 


RC4200 
Multiplier 


Ammeter 


Vs = 


65-01883A 
Figure 2 


Dynamic Range and Stability 


The precision dynamic range for the 4200 is 
from +50yuA to +250uA inputs for I4, lo and Iq. 
Stability and accuracy degrade if this range is 
exceeded. 


To improve the stability for input currents less 
than 50yA, filter circuits (RsCs) are added to 
each input (See Figure 3). 


Special Functions 


Vx 


RC4200 
Multiplier 


Rs = 10K Ohms 
Cs = .005uF —z 
-Vs 


| 
t 
| 
I 
I 
: 
Amplifier Aj is used to convert the l3 
current to an output voltage. 
Multiplier: Vz = constant #0 
Divider: Vy = constant # 0 


65-01882A 


Figure 3 


Voltage Multiplier/Divider 


RC4200 
Multiplier 


Solving for Vo: Vo = Maly Do. 


For a multiplier circuit Vz = Vp = constant 


Ale _ RoRq 
Therefore: Vo = VxVy K where K VaRiRe 
For a divider circuit Vy = VR = constant 

oye _ VRRoR4 
Therefore: Vo = V, K where K RjRo 


Figure 4 
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Extended Range 


The input and output voltage ranges can be 
extended to include 0 and negative voltage 
signals by adding bias currents. The RsCs filter 
circuits are eliminated when the input and 
biasing resistors are selected to limit the 


respective currents to 50uA min. and 250uA max. 


Extended Range Multiplier 


Vo 
(output) 


Figure 5 


Resistors Ra and Rp extend the range of the Vx 
and Vy inputs by picking values such that: 


|4(min.) = Vx(min.) =" VREF _ 50uA, 
R; Ra 
and imax) = ne 4 NBER, o5Gia: 
Rj Ra 
also lo(min.) = emit) 4. VREF = so... 
Ro Rp 


and lo(max.) = eee + VREF = 250uA. 
b 


Resistor R, supplies bias current for lg which 
allows the output to go negative. 


Resistors Rox and Rey permit equation (6) to 
balance, i.e.: 
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Ve, Maer), (My . Vac). (Vo, Mace, Me, W) (Maer 
R; Ra Ro Rp Ro Re Rex Rey Rg 


ViWy 4 


Ri Re 


V, VRer 


VyVrer , Veer? 
RR, 


RoR, 
+ SyVrer 
ReyRg 


+ 


V, Ver 
Rex Rag 


Vo VrerF * 


PoRg 


+ 


Cross-Product Cancellation 


Cross-products are a result of the V,VpR and 
VyVrR terms. To the extent that: RyRp = RexRg 
and RoRa = ReyRg, Cross-product cancellation 
will occur. 


Arithmetic Offset Cancellation 
The offset caused by the Vref? term will cancel 


to the extent that: RaRp = R-Rg, and the result is: 


VxVy _ VoVREF 


RoRg 
where K = ————— 
VrerRiRe 


Resistor Values 
Inputs: 
Vy(min.) S Vy < Vy(max.) 
AV, = V,(max.) - Vx(min.) 
Vy(min.) S Vy S Vy(max.) 
AVy = Vy(max.) - Vy(min.) 
Vrer = Constant (+7V to +18V) 


Vo 


K = (Design Requirement) 
AV y AVy VREF 


Rt = 00a’ 2 > a00ua’ 4 = B50uA 


AV VREF 


Ra= 550uA AV, ~ 200HA V,(max.) 


R, - AVyVREF 
> 250KA AVy - 200KA Vy(max.) 


RaRp 


_ RiRp _ RoaRa 
Ra - - 


Me = Rg) Rg 


’ Rex 


_ AV, AVy K 
160uA 


Raytheon 


RC4200 


Multiplying Circuit Offset Adjust 


10K < Rs = Ro = Rig S 50K 
R7 = R41 = R14 = 1000 


Rg = Rio = 1000 YS_ 


05 
_ Vs 
Ris = 1009 > 
Rg = Ry||Ra 
R42 = Ral|Rp 


mig Rol !Rel |Rex!|Rey 


Vx (input)¢ 


Xos | R5 1uF RC4200 
A Multiplier 
' 1 
Vy (input) @ 


Ry7-Rap can be used to help cancel 


product mis-match (see Appendix 1). 


Ro 


RCS534 


Procedure: 
1. Set all trimmer pots to OV on the wiper. 


crossproduct errors caused by resistor 


Special Functions 


© Vo (output) 


65-01880A 


2. Connect V, input to ground. Put in a full scale square wave on Vy input. Adjust Xos(Rs) 


for no square wave on Vo output (adjust for 0 feedthrough). 


3. Connect Vy input to ground. Put in a full scale square wave on Vy, input. Adjust Yos(Rg) 


for no square wave on Vo output (adjust for 0 feedthrough). 
4. Connect V, and Vy to ground. Adjust Vos(R16) for OV on Vo output. 


Figure 6 
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Extended Range Divider 


+VREF 


RC4200 
Multiplier 


Vo 
output) 


65-01879A 


Figure 7 


As with the extended range multiplier, resistors 
Raz and Rao are added to cancel the cross- 
product error caused by the biasing resistors, 
.e., 


V V V V V V V V V 
(e+ 0+ + Se) (“=)- Vo, Vaer\) (V2, Vrer 
Ry Rao Raz Ra Rp Ro Re R4 Rg 


VeVrer , VoVrer , VzVrer , Vrer® _ 
Ry Ro RaoRp Raz Rp RaRp 
VoVz , VoVRer , VeVrer , Vrer’ 


RoRg RoRg R4Re RoRq 
To cancel cross-product and arithmetic offset: 
RaoRb = RoRa, RazRp = R4aR-e and RaRp = R-Rag 
and the result is: 


VxVReF _ VoVz 


V RoR 
where K = SREFMON4 
RiRp 
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NOTE: It is necessary to match the resistor 
cross-products above to within the amount of 
error tolerable in the output offset, i.e., with a 
10V F.S. output, 0.1% resistor cross-product 
match will give 0.1% x 10V = 10mV untrimmable 
output offset voltage. 


Resistor Values 
Inputs: 
Vy(min.) < Vy S Vyx(max.) 


AV, = Vx(max.) - Vx(min.) 
V2(min.) < Vz < Vz(max.) 

AV, = Vz(max.) - Vz(min.) 
Vrer = Constant (+7V to +18V) 


Outputs: 


Vo(min.) < Vo S Vo(max.) 
AVo = Vo(max.) - Vo{min.) 


K = VoVz 


(Design Requirement) 
Vx 


AVo 


_ Avo _ VREF 
750uA’ 


re 
250uA’ 4 


~ 200uA 


0 


R= AVoVREF 
© 750uA AVo - 700uA Vo(max.) 


R. = AV2VREF 
dq 250uA AV; - 200uA V,(max.) 
_ RoR , _RoRa , _ RoRa 
a” Rp ’ az Rp ’ ao Rp 
_ AVo AV, 
1” “600uAK 


RC4200 Special Functions 


Divider Circuit with Offset Adjustment 


Ry 
Vx (input) ¢ © V2 (input) 
R10 Vs 
+Vg Vx (offset) Rie in ; 
R R os 
Xos | Rs ; ; RC4200 Ri E Vz (offset) 
R7 7.74 Multiplier | 
Vs = 
Ro 
a © Vo (output) 
Rao 
n +Vs 
Ryg-R21 can be used in place of Rg to help ss Rig 
cancel gain error due to resistor product R17 Vos 
mis-match (see Appendix 1). R15 Vo (offset) 
7 65-01878A 
General Example: Two-Quad Divider 
< = = a 
10K < Rs = Ry3 = Ry7 < 50K Vo = Ke /K=k, Vrer = +Vg = +15V 
R7 + Rg ~ Ry Ral |Raz!|Rao 2 
y -10< V, < +10, therefore AV, = 20 
R ~5ER7 0<V,< +10, therefore AV, = 10 
-10 < Vo < +10, therefore AVo = 20 
Ro = Rp Ro = 26.7K R; = 333K 
Rio ~ 100 x Rg Rp = 60K Rs, Rig R17 = 10K 
7 R4 = 50K R7, R15 = 1K 
R41 = 20K Ro = 37.5K Rg, R11 = 20K 
Ryo = 100K Rg = 300K Re, Rg, Rig = 300K 
Ra = 187.5K Ri9 = 4.7M 
R14 + Ris ~ RollRe Raz = 31.25K Ry2 = 100K 
_ Vs Rao = 133K 
R16 = F15 
Figure 8 
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Divider Circuit Offset Adjustment Procedure 
1. Set each trimmer pot to OV on the wiper. 


2. Connect V, (input) to ground. Put a DC volt- 
age of approximately ‘Vz (max.) DC on the 
Vz (input) with an AC (Squarewave is easiest) 
voltage of ’2V, (max.) peak-to-peak super- 
imposed on it. Adjust Xo5(R5) for zero feed- 
through. (No AC at Vo) 


Vz (max.) 


YeV> (max.) ae aeeat YeNV> (max.) 
yy 


OV 


65-01868A 


3. Connect V, (input to Vz (input) and put in 
the “Vz (max.) DC with an AC of approxi- 
mately 20mV less than Vz (max.). 


Adjust Zos5(R13) for zero feedthrough. 


Vz (max.) 
Ye (max.) 


OV = 
7 


= 10mV 


4. Return V, (input) to ground and connect Vz 
(max.) DC on V;z (input). Adjust output 
Vos(R17) for Vo =. 


5. Connect V, (input) to Vz (input) and put in 
Vz (max.) DC. (The output will equal K.) 
Decrease the input slowly until the output 
(Vo = K) deviates beyond the desired 
accuracy. Adjust Zo; to bring it back into 
tolerance and return to Step 4. Continue 
Steps 4 and 5 until Vz reduces to the lowest 
value desired. 


NOTE: As the input to V, and Vz gets closer to 
zero (an illegal state) the system noise will pre- 
dominate so much that an integrating voltmeter 
will be very helpful. 


RC4200 


Square Root Circuit Vo = N\/V, 


p +VREF 


RC4200 
Multiplier 


Vo 


(output) 
65-01877A 
VxVrer , Veer? , VoVrer _ Vo’ , VoVner | VoVner , Var’ 
RiRy = RaRe Rao RoR, RoRg RoRa = RRy 


If RaRe = ReRy and RaoRyRoRy + RaoRpReRs = Re Ry RoR, 


Vo? VV, V; 
Oo = MxVREF oy y2- VK where K = REF RoR, 
PoRs = Ry Rp Ri Rp 


and Vo = N/V, where N= /K 
O0<V, < Vx (max) and Vo (max) = N/V, (max) 


Then 


Vo , 
N= (Design Requirement 
Wy g q ) 


_ Vo(max)? 
1 "75pA NP 
VREF 
re = = 
ano 50uA 
VREF 
ee ee 
Do T50nA 
R, - Vo(max) 
: 50uA 
R. = Vo(max) 
a0 T25 nA 
_ Vo(max) 
Ae 
225uA 
Figure 9 
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Square Root Circuit Offset Adjust 


Vy (input) 


+Vs 
Ris Ri7=Rp 


YosR14 > Vo (output) 


R16 
-Vs 


Ry4-Ry7 can be used in place 
of Rg to help reduce linearity 
error caused by resistor product R 

mis-match (see Appendix 1). m 


10K < Rs = R13 < SOK 65-01876A 
R7z = 1000 


Vs 
{05 


Rg = Ri/|RallRao 
Rg = Rp 
R10 = RollRe 
R44 = 10020 


Re = R7 


R12 = R11 — 
Procedure 
1. Set both trimmer pots to OV on the wiper. 


2. Put in a full scale (0 to V,(max.)) squarewave on V, input. Adjust Xos(Rs5) for proper 
peak-to-peak amplitude on Vo output. (Scaling adjust) 


3. Connect V, input to ground. Adjust Vos(R13) for OV on Vo output. 


Figure 10 


Raytheon 
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Squaring Circuits Vo = K V,? 


>» Vo 
(output) 


65-01875A 


Vxi , 2VxVrer , VRer _ VoVRer , VrRer , VxVREF 
Ry? RiRa Ra? RoRg ReRag RexRa 
if Ra? a RoRq and RiRa = 2RexRq 


RoRa 


2 
then VoVREF - Vx or Vo = KV,? where K= ——~~ 
VrReFRy 


RoRg RR 


K = Vo (Design Requirement) 


Vy2 
_ _AVx 
ii 200uA 
R. - AV,VREF 
4 250uA AV, - 200uA V,(max.) 
_ VREF 
250uA 
Ra? 
Ro R 
= RiRa 
Rex= 2Rq 
Rp, - AVx’K 
0” T60nA 
Figure 11 
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RC4200 Special Functions 


Squaring Circuits Offset Adjust 


Ra Rp 


8 


Th 

Rs 7 
1 

I 


Vy (input) © 


RC4200 
Multiplier R7-R40 can be used to 

cancel all linearity errors 
Caused by input offsets 
and resistor product 


mis-match (see Appendix 1). 


o Vo (Output) 


65-01874A 


10K < R409, R14 < SOK 


Reg, R45 = 1000 


Ro, R14 = 1009 =S- 


Rs, Re = Ril |Ra 
Ri6 = RollRel|Rex 


Procedure 


1. Set both trimmer pots to OV on the wiper. 
2. Put in a full scale (+V,) squarewave on V, input. Adjust Z9s(R19) for uniform output. 
3. Connect V, input to ground. Adjust Vos(R14) for OV on Vo output. 


Figure 12 
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Appendix 1 — System Errors 


There are four types of accuracy errors which 
effect overall system performance. They are: 


1. Nonlinearity — Incremental deviation from 
absolute accuracy.(1) 

2. Scaling Error — Linear deviation from abso- 
lute accuracy. 

3. Output Offset — Constant deviation from 
absolute accuracy. 

4. Feedthrough(?) — Crossproduct errors 
caused by input offsets and external circuit 
limitations. 


The nonlinearity error in the transfer function of 
the 4200 is +0.1% max. (+0.03% max. for 4200A). 


Iylo 
i.e., 13 = a +0.1% F.S.(4) 


The other system errors are caused by voltage 
offsets on the inputs of the 4200 and can be as 
high as +3.0% (+2.0% for 4200A). 

Vz RyRo Ro 


i.e., Vo = +3.0% F.S,(3)(4) 


Rg 


V,; 0 Vz 


RC4200 
Multiplier 


Vy @ 


Ideal Op-Amp 
= Vos = 0 
65-01871A 


Figure 13 


Notes: 

1. The input circuits tend to become unstable at 1,, lo, Iq < 
50uA and linearity decreases when |, lo, lg > 250uA 
(e.g., @ |y = lo = 500uA nonlinearity error ~ 0.5%). 

2. This section will not deal with feedthrough which is 
proportional to frequency of operation and caused by 
stray capacitance and/or bandwidth limitations. (Refer 
to Figure 21.) 

3. Not including resistor tolerance or output offset on the 
Op amp. 

4. For 5S0uA < I, lo, I4 < 250uA. 


11-22 


RC4200 


Errors caused by input offsets. 


R 
0- a tee hy Vosx + +V xVosy + VoVosz = voor 


Vy Feedthrough 

Vy, Feedthrough 

Scaling Error 

Output Offset Error 

Systems errors can be greatly reduced by ex- 
ternally trimming the input offset voltages of the 


4200. (+0.3% F.S. for 4200 and +0.1% F.S. for 
42004.) 


V 5 
x C 6 

+Vs @ +Vs 

Zos 
Xos 
RC4200 
-Vs Multiplier 
Vy U 

+Vs 

Yos : OVo 


Ideal Op-Amp 


“Vs — Os = 
if} Xos = Vosx: Yos = Vosy: Zos = -Vosz; 
then Vo = —— —  +0.3% F.S.(3) 

OV, RaRe ° 


65-01870A 


Figure 14. 4200 With Input Offset Adjustment 
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Special Functions 


Extended Range Circuit Errors 


The extended range configurations have a dis- 
advantage in that additional accuracy errors 
may be introduced by resistor product mis- 
matching. 


Multiplier (Figure 6) 


An error in resistor product matching will cause 
an equivalent feedthrough or output offset error: 


1. RyRp = RexRg ta, 
Vx feedthrough (Vy = 0) = taV, 


2. RoRa = ReyRa +8, 
Vy feedthrough (Vx = 0) = +BVy 


2. RaRp = ReRg = 7; 
Vo Offset (Vx = Vy = 0) = t+yVReF” 


*Output offset errors can always be trimmed out with the 
Output op amp offset adjust, Vo.(Ri6). 


Reducing Mis-Match Errors (Figure 6) 


You need not run out and buy .01% resistors to 
reduce resistor product mis-match errors. Here 
are a couple of ways to squeeze maximum 
accuracy out of the extended range multiplier 
(see Figure 6) using 1% resistors. 


Method #1 


Vx feedthrough, for example, occurs when Vy = 
0 and Vosy # 0. This Vx feedthrough will equal + 
VxVosy: Also, if Vosz ¥ 0, there is a Vx feed- 
through equal to + VyVosz. A resistor-product 
error of a will cause a V, feedthrough of + aV,. 
Likewise, Vy feedthrough errors are: + VyVogx, + 
VyVosz and + BVy. 


Total feedthrough = 
= VxVosy + VyVosx + aVy = BVy = (Vx + Vy) Vosz 


By carefully adjusting X9s5(R5), Yos(R9) and 
Zos(R20) this equation can be made to very 
nearly equal zero and the feedthrough error will 
practically disappear. 


A residual offset will probably remain which can 
be trimmed out with Vos5(Rig) at the output op 
amp. 


Method #2 


Notice that the ratios of RyRp : RexRg and 

RaRa : ReyRg are both dependent on Rg, also 
that Rj, Ro, Ra and Rp are all functions of the 
maximum input requirements. By designing a 
multiplier for the same input ranges on both V, 
and Vy then Ry = Ra, Rex = Rey and Ra = Rp. 
(Note: It is acceptable to design a four quadrant 
multiplier and use only two quadrants of it.) 


Select Rg to be 1% or 2% below (or above) the 
calculated value. This will cause a and B to both 
be positive (or negative) by nearly the same 
amount. Now the effective value of Rg can be 
trimmed with an offset adjustment Zos5(Ra9) on 
pin 5. 


This technique will cause: 1) a slight gain error 
which can be compensated for with the Ro 
value, and 2) an output offset error that can be 
trimmed out with Vos(Rig) on the output op 
amp. 


Extended Range Divider (Figure 8) 


The only crossproduct error of interest is the V, 
feedthrough (Vy, = 0 and Vosx # 0) which is easily 


Resistor product mis-match will cause scaling 
errors (gain) that could be a problem for very 
low values of Vz. Adjustments to Yos5(R1g) can be 
made to improve the high gain accuracy. 


Square Root and Squaring (Figures 10 and 12) 


These circuits are functions of single variables 
so feedthrough, as such, is not a consideration. 
Crossproduct errors will effect incremental 
accuracy that can be corrected with Yos5(R44) or 


Zos(R10). 


Raytheon 11-23 


Section 11 


RC4200 


Appendix 2 — Applications 


Design Considerations for RMS-to-DC Circuits . 


Average Value 
Consider V;, = Asinwt. By definition, 


 & T 
VAVG => J 0 > Vinat 


Where __—‘T = Period 
w = 2rrf 
_ 27 
1 
§5-01873A 
Wave == I, F Asinat dt 
r 
~2A)_1 2 
=r Pe cos at | F 
2A 
Sar | -cos(n) - cos(0)| 
= 2 A 
7 2 
Avg. Value of Asinwt is = A 
RMS Value 


Again consider Vj, = Asinwt 
/1 et 
Vims = V VAVG = 7 ie [Vin]? at 


Vims =v us [ -avsin2ut at 


T ‘ 


2 
fo Jg'(5- 70082 ot) at 


=f B(T_ A sinaat)," 
= 9 4, SIN 2 wt), 


therefore the rms value of Asinwt becomes: 


A 
Vims = V2 


RMS Value for Rectified Sine Wave 


Consider Vj, =|Asin wt|, a rectified wave. To solve, 
integrate over each half cycle. 


i.e. > Sy Vin? dt = 
r 
=(/ 2 prsinzwt 8 | Ga { u (-Asinat)edt | 
TL’0 “i 


2 
A 1 
This is the same as reel - A2sin2wt dt 
SO, |Asinwt|rms = Asinwtrms 
Practical Consideration: |Asinwt| has high-order 
harmonics; Asinwt does not. Therefore, non- 


ideal integrators may cause different errors for 
two approaches: 


V; Lowpass 


(a) 


Sy | 9 Vo = Vinrms 


{IVinlk? 


\Vin| V 
V; Absolute 0 | Lowpass ; De 6 ey ae 


(b) 


Vin? 
Ava Vo . Vo 
implies Vo = \/Avg {|Vin|2} 
Vo = VAvg Vin? 


65-01872A 


Figure 15 


11-24 Raytheon 


RC4200 


Special Functions 


100K 


100K 
Vin ° 


*Determines scale factor (K) for X* function 100 
**Determines scale factor (K) for \/X function 

+Vs = +Vper = +15V 

-Vs = -15V 


> + VREF 


100K 100K 300K 
8 5 200K 


— “ 


65-01869A 


Figure 16. RMS to DC Converter Vout = V J Vin? 


Amplitude Modulator with A.G.C. (Figure 17) 


In many AC modulator applications unwanted 
output modulation is caused by variations in 
carrier input amplitude. The versatility of the 
RC4200 multiplier can be utilized to eliminate 
this undesired fluctuation. The extended range 
multiplier circuit (Figure 5) shows an output 
amplitude inversely proportional to the 
reference voltage Vre_er. 


nea WO Veer RiRe 


By making Vref proportional to Vy (where Vy is 
the carrier input) such that: 


Vrer = VH =S(1Vyl), 


Then the denominator becomes a variable value 
that automatically provides constant gain, such 
that the modulating input (Vx) modulates the 
carrier (Vy) with a fixed scale factor even though 
the carrier varies in amplitude. 


If Vy is made proportional to the average value 
of Asinat (i.e., 2A/7r) and scaled by a value of 
7/2 then: 


VH=A 
and if: V, = Modulating input (Vy) 
and: Vy = Carrier input (Asinat) 
RoR 
R7Ro 
The resistor scaling is determined by the 


dynamic range of the carrier variation and 
modulating input. 


then: Vo =K Vy sinwt where K = 


The resistor values are solved, as with the other 
extended range circuits, in terms of the input 
voltages. 


Input voltages: 
Modulation Voltage (Vj): 0< Vy S Vx(max.) 
Carrier (Vy: Vy = Asinot 
Carrier amplitude fluctuation (AA): 
A(min.) sinwt < Vy < A(max.) sinQet 
Dynamic Range (N): A(max.)/A(min.) 
A(max.) = Vy(max.) and A(min.) = Vy(min.) 
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65-01866A 


"R11 (Rai |Ral|Ro 
IN914 65-01866A 


Figure 17. Amplitude Modulator with A.G.C. 


The maximum and minimum values for 1; and 12 - Example #1 
lead to: Vy = Asinwt 2.5V < A < 10V, therefore N = 4 
Ve(max.) . Vi(max. OV < Vm < 10V, therefore V,(max.) = 10V 
l4(max.) = Seas + re = 250uA K = 1, therefore Vo = Vy sinat 
: V,(max.) 10V 
; — Vy(min. = _xX - = 
Iy(min.) = a = 50uA Vu(min.) = 0 Ry 50uA  SOuA 200K 
A(max.) _ 10V 
A(max. VH(max. SS eee See 
lo(max.) = - ae = 250uA Ro 50uA 50nA 200K 
A(min.) 2.5V 
, VH(min. = = = 
lo(min.) = “eee = 50uA Ra= “Sona > BOgA™ 50K 
For a dynamic range of N, where y= K ai) Re _ 4 zor 200K - BODK 
A(max. 
N= a <9, Example #2 


Vy = Asinwt 3 < A <6, therefore N = 2 


These equations combine to yield: 
q y OV < Vm S BV, therefore V,(max.) = 8V 


R, = —vx(max.) , _A(max.) K = .2, therefore Vo = .2Vysinat 
1 G-N)50nA 2 (5-N)50pA’ — 
| R; = 53.3K, Ro = 40K 
_ A(min.) _., RyRo 7 a 
Ra= —9,a- and Ro=K p= Ra = 60K and Ro = 7.11K 
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Inputs 
V2Q 
Ry 
Vine | = 
Rs ly 
+Vs @ Cs 
= Ry Vos1 7 
ApF 
wo any e°" 
Ro = cg 
Wa -. 
Rs | 
+Vso Cs so 
~ Vos2 2 


— ue K 
Rs = 10K, Cs = .005uF Z 
where K = RoRq 
RiR 


Multiplier 


Special Functions 


Vosg ADU Vs 
0 -Vs 
= = 
Output 
O Vo 
O+Vs 
0 -Vs 


65-01 867A 


Figure 18. First Quadrant Multiplier/Divider 


Limited Range, First Quadrant Applications 


The following circuit has the advantage that 
cross-product errors are due only to input off- 
sets and nonlinearity error is slightly less for 
lower input currents. 


The circuit also has no standby current to add 
to the noise content although the signal-to-noise 
ratio worsens at very low input currents (1-5yA) 
due to the noise current of the input stages. 


The R,Czg filter circuits are added to each input 
to improve the stability for input currents below 
50uA. 


Caution 


The bandpass drops off significantly 
for lower currents (<5OuA) and non- 
symmetrical rise and fall times can 
cause second harmonic distortion. 


Thermal Symmetry 


Ib 8h 
Thermal Vos2 Vos; 
Symmetry ------------] sd ---------- 
Line -Vs | 6 | Gnd 


Output Iz [4 | \4 


The scale factor is sensitive to temperature 
gradients across the chip in the lateral direc- 
tion. Where possible, the package shouid 
be oriented such that sources generating 
temperature gradients are located physi- 
cally on the line of thermal symmetry. This 
will minimize scale-factor error due to 
thermal gradients. 


65-02775A 
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200uA AC* 8 
150A DC 


5 250uA DC 


Zz 


*Peak-to-Peak 7 


5 250uA DC 


*Peak-to-Peak = 


2500uA DC 8 5 83.4uA AC* 


Vx © 


*Peak-to-Peak = 
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Relative Output (dB) 


Relative Output (dB) 


Relative Output (dB) 


RC4200 


8 MTOM oo 
qe ET 
Bart a a Ne 


LUT TT 
Bi 
p 
4 EU Ta ae 
LL 
BE 


i 
TTT 
Pe 
CT ATT 
SH tt j 
TT Tn oT 
TT Sco k 


10 i 10° 10° 10° 10° 10’ 


Frequency (Hz} 


+3 tt tT HH 
Pe el CT Cn Ci Ci in 
asea mmtit So co Prine | iii 
j~AauO ETE cn 
Be All HH 
Tn C_ HE a TT Ce 
oot TTA 
514 00 EN EN 
vv | a TTT Ti 


12 HHH Hamat Ma CT TH 

Z 111 A 

9 111 HA ) 
l 111 

11 LL TT TTT TT CE HH 


10 10? 10° 10 10° 106 10’ 
Frequency (Hz) 


WEI ST OU abil 
LT HH HHA Ulli 


B08! Bll nee Till 
Be NN Ne 


10 10° 10° 10° 10° 10° 10’ 
Frequency (Hz) 


65-01863A 


65-01864A 


65-01865A 


Special Functions 


65-01861A I fh 65-01862A 


l2 (uA) 


Figure 20a. Output Noise Current vs. Figure 20b. Output Noise Current vs. 
input Current (I2 = 250A) 


Input Current (ig = 250A) 


nN 
S 


| Multiplier a A 
We a 
Hae va 


S 8 


Feedthrough (mVp-o) 
2s 8 8 


1.0 10 1K 10K 100K 
Fae (Hz) 65-01860A 


Figure 21. AC Feedthrough vs. Frequency 
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Schematic Diagram 
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iz 


ey 
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RC4444 

4x 4x 2 Balanced 
Switching 
Crosspoint Array 


Features 


@ Low bidirectional Ron 

@ High Rorr 

@ Excellent matching of gates 
m Low capacitance 

@ High rate firing 

@ Predictable holding current 


Description 


The RC4444 is a monolithic dielectrically isolated 
crosspoint array arranged into a 4 x 4 x 2 matrix. 
The primary application is for balanced switching 
of 6000 transmission lines. The ring and tip 
are selected by selective biasing of the P+ and 
P- gate. 


Designed to replace reed relays in telephone 
switchboards, it does not require a constant 
gate drive to keep the SCR in the “ON” condition. 
It is several orders faster, with no bouncing, 
and has a much longer operating life than its 
mechanical counterpart. 


The 16 SCR pairs with the gating system are 
packaged in a 24-pin dual in-line package. 


The RC4444 is a monolithic pin-for-pin replace- 
ment for the MC3416 and MCBH7601. 


Special Functions 


Mask Pattern 


65-00704A 


Die Size: 60 x 108 mils 
Min. Pad Dimensions: 4 x 4 mils 


Thermal Characteristics 


24-Lead 24-Lead 
Plastic DIP | Ceramic DIP | 


Max. Junction Temp. 125°C 175°C 
Max. Pp Ta < 50°C 555mW 1042mW 
— [arc 


120° C/W 


For Ta > 50°C Derate at 7.41mW 
per °C 
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Block Diagram 


me 


i ee ee 
ix | im [Mm [x 


ee Se ee 
St 


4) 3 9 @) (10) (1) (24 3 (3) (20 
Z2  P- 21 Y2  P- YI X2. P- Xt We 


Connection Information 


24-Lead 
Dual In-Line Package 
(Top View) 


Function i Function 
Anode A1 Cathode X1 
Cathode Y2 Row Select W 
Row Select Z Cathode W1 
Cathode Z2 Anode D1 
Column Select A Anode C2 
Column Select B Anode C1 
Column Select C Anode B2 
Column Select D Anode B1 
Cathode 21 Anode A2 
Row Select Y Cathode W2 
Cathode Y1 Row Select X 
Anode D2 Cathode X2 


Pin 


1 
2 
3 
4 
5 
6 
7 
8 
9 
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Special Functions 


Absolute Maximum Ratings 


Operating Voltage’ ................000- +25V 
Operating Current per Crosspoint ..... 100mA 
Storage Temperature 

RANGe: ccccecetcenecsesoas -65° C to +150° C 
Operating Temperature Range 

RC4444 oo. c ec cc eee eee 0°C to +70°C 
Lead Soldering Temperature 

(OO SCC) Senay coon ude peshereandees +300° C 


Notes: 1. Maximum voltage from anode to cathode. 


Ordering Information 


Operating 
Temperature 
Range 


Part Number Package 


RC4444N 
RC4444D 


0°C to +70°C 
0°C to +70°C 


Notes: 

N = 8-lead plastic DIP 

D = 8 lead ceramic DIP 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 


Electrical Characteristics (0°C < T, < +70°C unless otherwise noted) 


Test Conditions 


Parameters 
Anode-Cathode Breakdown Voltage 


Cathode-Anode Breakdown Voltage | Ika = 25uA 


Base-Cathode Breakdown Voltage . 


Cathode-Base Breakdown Voltage kB = 20uA 
Base-Emitter Breakdown Voltage 
Emitter-Cathode Breakdown Voltage 


OFF State Resistance 


lex = 25uA 
Vax = 10V 


Dynamic ON Resistance 


Holding Current 


Enable Current 


lak = 10mA 


Anode-Cathode ON Voltage 
lak = 20mA 


Gate Sharing Current 
Ratio at Cathodes 


Inhibit Voltage 


Minimum Voltage Ramp 
(Fig. 5) 


Center Current = 10mA 
Cenier Current = 20mA 


Vpe = 1.5V (Fig. 2) 


Under Select Conditions 
with Anodes Open (Fig. 1) 


Vp = 3.0V (Fig. 3) 
Vp = 3.0V (Fig. 3) 


Which Could Fire the SCR 
Under Transient Conditions 


| 
PO] PO] DO] PY] DY] DP 
or}; Ot] Or] OT] OT] ON 
-/- 


ook 
NO 


i) CS co] © 
= 
> 


oak 
ine) 
on 


©o 
° iy i 


— el S| 
O| oO} +] & 
¥ = 
ep) 
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Test Circuits 


4.5mA 


Gs = 65-02414A 


I2 


Figure 1. Test Circuit for Gate Sharing 
Current Ratio 


+10V +10V 


+1.5V 


3 =— 65-02415A 


Figure 2. Enable Current (both SCRs 
must turn on) 


+10V +10V 


+3.3V Vinh linh 
foe) 


—_ —_ 65-02416A 


Figure 3. Inhibit Voltage and Inhibit Current 
(both SCRs must remain off) 


RC4444 


6.25uS 
6.25uS 
‘FLILI LILI LIL 


Inputs 


| 
I 
Vi and Vy +10V |— vidt 

+5V | — | 

+0.8V | — 

| 

| 

| 


< +8.5V 
Vc and V_e 


LI | | 
<+25V — dv/dt Test SCR Must 
ton < 1S. Time < 25S Remain OFF 


(at S0% Amplitude for dv/dt < 800V/uS 
Points) 
65-02417A 


Figure 4. Test Waveforms for dv/dt and ton 
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Test Circuits (Continued) 


Ve Scope 
O 


O 
Vc Scope 


} Two Wire 
Crosspoint 
Element 
Under Test 


+5V 
O 
Vy Scope 
O 
+10V 
O) 


Vk Scope 
O 


65-02418B 


Figure 5. Test Circuit for dv/dt and ton, 
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Typical Performance Characteristics 


Holding Current (mA) 


Voltage (mV} 


Dynamic Resistance ({)) 
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Holding Current vs. Ambient Temperature 


= SS ee 


-10 0 10 20 30 40 50 60 70 80 90 
Ambient Temperature (°C) 


Difference in Anode-Cathode on Voltage 
(Between Associate Pairs of SCRs) 
vs. Anode-Cathode Current 


0 
0 20 40 60 80 10 12 14 16 18 20 
Anode-Cathode Current (mA) 


Dynamic on Resistance vs. 
Anode-Cathode Current 


a, a AE (A 


65-00700A 


0 20 40 60 80 10 12 14 1 18 20 
Anode-Cathode Current (mA) 


Anode-Cathode (V) 


Off-State Capacitance (pF) 


Dynamic Resistance {()) 


RC4444 


Anode-Cathode on Voltage vs. 
Current and Temperature 


. + 


0 
0 20 40 60 80 10 12 14 1 18 20 
Anode-Cathode Current (mA) 


Off-Site Capacitance vs. Anode-Cathode 
Voltage 


oot TTT TTT TT 
9 a | 
o7| | tr TPT 
o6f TI “TP 
ost TT TT 
- pt ee Tepe 
ost TT ETP TT 
ie nt 
ort | EU TTT TTT 
oL_L TUM TTT TTT 


0102 05 10 20 50 10 2 50 100 
Anode-Cathode Voltage (V) 


3 


& 


Dynamic on Resistance vs. Ambient 
Temperature 


a a ta 


= 


-10 0 1 


02030 405060708090 
Ambient Temperature (°C) 


RC4444 Special Functions 


Typical Performance Characteristics (Continued) 


Feedthrough vs. Signal Frequency Crosstalk vs. Signal Frequency 
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Figure 6. Test Circuit for Feedthrough 
vs. Frequency 
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Figure 7. Test Circuit for Crosstalk vs. Frequency 
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Typical Applications 


The RC4444 crosspoint switch is designed to 
provide a low-loss analog switching element for 
telephony signals. It can be addressed and con- 
trolled from standard binary decoders and is 
CMOS compatible. With proper system organi- 
zation the RC4444 can significantly reduce the 
size and cost of existing crosspoint matrices. 


Signal Path Considerations 


The RC4444 is a balanced 4 x 4 2-wire cross- 
point array. It is ideal for balanced transmission 
systems, but may be applied effectively in a 
number of single ended applications. Multiple 
chips may be interconnected to form larger 
crosspoint arrays. The major design constraint 
in using SCR crosspoints is that a forward DC 
current must be maintained through the SCR to 
retain an AC signal path. This requires that each 
subscriber-input to the array be capable of 
sourcing DC current as well as its AC signal. 
With each subscriber acting as a DC source, 
each trunk output then acts as a current sink. 
The instrument-to-trunk connection in Figure 8 
shows this configuration. However, with each 
subscriber acting as a DC source, some method 
of interconnecting them without a trunk must be 
provided. Such a local or intercom termination 
is shown in Figure 9. Here both subscribers 
source DC current and exchange AC signals. 
The central current sink accepts current from 
both subscribers while the high output imped- 
ance of the current sink does not disturb the 
system. 


These configurations are system compatible. 
The DC current restriction is not a restriction in 
the design of an efficient crosspoint array. 
Because of the current sink terminations, a 
signal path may use differing numbers of cross- 
points in any connection or in two sides of the 
same connection further relaxing restrictions in 
array design. 


Figure 10 demonstrates circuit operation. S1, S2, 
and S3 are open. The Crosspoint SCRs are off 
as they have no gate drive or DC current path 
through S1. By closing S2 and S3, gate drive is 
provided, but the SCRs still remain off as there 
is no DC current path to hold them on. Close S1 
and the circuit is enabled, but with S2 and S3 off 
there is still no signal path. Closing S2 and S3 
with S1 closed — current is injected into both 
gates and they switch on. DC current through 
R. splits around the center-tapped winding and 
flows through each SCR, back through the 
lower winding and through S1 to ground. If S2 
and S3 are opened, that current path still re- 
mains and the SCRs remain on. If an AC signal 
is injected at either G1 or G2, it will be trans- 
mitted to the other signal port with negligible 
loss in the SCRs. To disconnect the AC signal 
path the SCRs must be commutated off. By 
opening S1 the DC current path is interrupted 
and the SCRs switch off. The AC signal path is 
disconnected. With S1 closed the circuit is en- 
abled and may be addressed again from S2 and 
S3. This circuit demonstrates a balanced trans- 
mission configuration. The transmission charac- 
teristics of the SCRs simulate a relay contact in 
that the AC signal does not incur a contact 
voltage drop across the crosspoint. The memory 
characteristics of the crosspoint are demon- 
strated by the selective application of S1, S2, 
and S3. 


The selection of R_ is governed by the power 
supply voltage and the desired DC current. If 
10mA is to flow through each SCR then R; must 
pass 20mA. Thus, (+Vs - Vax)/R, = 20mA. The 
selection of Rp is governed by the character- 
istics for crosspoint turn on. Adequate enable 
current must be injected into the column select 
and Rp should drop at least 1.5V. The PNP 
transistor has a typical gain of one. Thus, Rp 
should pass at least 2mA to provide 4mA 
column select current. 
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Addressing Considerations 


The RC4444 crosspoint switch is addressed by 
selecting and turning on the PNP transistor that 
controls the SCR pair desired. The drive re- 
quirements of the RC4444 can be met with 
standard CMOS outputs. A particular crosspoint 
is addressed by putting a logical “1” on the 
emitter and a logical “0” on the base of the 
appropriate transistor. A resistor in the base cir- 
cuit of the transistor is required to limit the cur- 
rent and must also drop 1.5V to assure forward 
bias of the two diodes in the collector circuits. 


The gate current required for SCR turn on is 
1mA typically. CMOS one-of-n decoders are 
available that provide both active high and active 
low outputs and are well suited for standard 
addressing organizations. The major design 
constraint in organizing the addressing structure 


a -D > 


All CMOS 
Operated From 
+15V Power 
Supply 


1a 


RI 
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Special Functions 


is that any signal path which is to be addressed 
must create a DC path from a source to a sink. If 
that path requires two crosspoints they must be 
addressed simultaneously. Of course, once the 
path is selected, the addressing hardware is free 
to initiate other signal paths. To meet the DC 
path requirement, crosspoint arrays should be 
designed in blocks such that any given DC path 
requires only one crosspoint per block. A signal 
path, however, may still use two crosspoints in 
the same block by sequentially addressing two 
DC paths to the same terminator. For example, 
the left or right pairs of crosspoints in Figure 9 
must be addressed simultaneously but the left 
pair may be addressed in sequence after 
addressing the right pair. This is not a difficult 
constraint to meet and it does not require un- 
necessary addressing hardware. 


Emitter Selects 
CMOS Outputs 
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Figure 8. Instrument-to-Trunk Connection 
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Figure 10. Crosspoint Operation Demonstration Circuit 
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Special Functions 


RC4447 
Quad PIN Diode 
Switch Driver 


Features 


@ Monolithic construction 

@ Four drivers per package 

@ True and complementary outputs 
@ TTL/DTL compatible inputs 

@ Drives PIN diodes or MOSFETs 
@ Pulse rates to 10 MHz 

W@ Available in dice form 

@ Mil-Std-883 versions 


Description 


The RC4447 monolithic IC consists of four inde- 
pendent driver circuits. Each driver is a TTL/DTL 
compatible gain block designed specifically for 
driving PIN diode RF switches. Each driver has 
both true and complementary outputs and can 
power PIN diodes in both grounded-anode and 
grounded-cathode modes. The voltage and 
current ratings of the RC4447 make it suitable 
for driving low- and medium-power PIN diodes. 


Constructed via a rugged Schottky bipolar 
fabrication process, the RC4447 provides a 
space efficient and cost effective alternative to 
hybrid devices for microwave signal switching 
and modulation applications. The internal stage 


currents of the RC4447 are closely controlled 
through the use of Si-Cr thin-film resistor 
networks, resulting in repeatable ac character- 
istics and a stable dc bias point. Well-matched 
high speed switching characteristics are pro- 
vided at a moderate level of power dissipation. 
The maximum response time is 50 nS, allowing 
switching repetition rates to 10 MHz. 


The RM4447 version is packaged in a 20-lead 
ceramic DIP and is specified over a -55 to 
+125°C temperature range. The RM4447 is 
offered with Mil-Std-883 Level B processing. 
High reliability dice are available with visual 
inspection to Mil-Std-883, Method 2010. The 
RC4447 is a commercial version packaged in a 
20-lead plastic DIP and specified over a 0°C to 
+70°C range. 


Connection Information 


20-Lead Ceramic DIP (Top View) 
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Ordering Information 


Operating 
Type Package Temperature 
Range 
RC4447N | oN | 0°Cto +70°C 


-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


RM4447S 
RM4447S/883B 
RM4447CH 


Notes: 

/883B suffix denotes MIL-STD-883, Level B Processing. 
S = 20-lead, 0.3-inch wide side-brazed ceramic DIP. 

N = 20-iead, 0.3-inch wide plastic DIP. 

CH = waffle-packed dice. 

Contact a Raytheon Sales Office or Representative for 
ordering information on other packageAemperature range 
combinations. 


Absolute Maximum Ratings 


SUPPIY VONAGE (FV. 10 V .)icsed vsnsciivecinisovexes +22V 
(4-V 5 10 CAND) cicsccctnnisesdansiiansaverinnnsseniinns +10V 
(Vg 10 GND) site rcesninticsnnconstistnamcrienstiotes -15V 

INOUE VOUAGOS iascvescssncnstisirigundinctccwncss -2V to +V,, 

Output Short Circuit..................0 Not Protected 

OUTOUT GUT OIE seccnseacisits sevunsseaceetestuntnaites -100 mA 

Internal Power Dissipation............. See Table of 


Thermal Characteristics 
Operating Temperature Range 


FAIIGSET ccnscnsavcasatsnsnnsnsaseaness -55°C to +125°C 

CBA ices iparie eencnsnshtnesehaniets 0°C to +70°C 
Storage Temperature 

FANGS a insinsvntasacasianentdonennsaners -65°C to +150°C 
Lead Soldering Temperature 

(CLUBS Co) Oe en eee eee +300°C 


Thermal Characteristics 
(soldered in place, still air) 


20-Lead 


20-Lead 
SB Ceramic| Plastic 
DIP DIP 


Max. Junction Temp. +175°C +125°C 


Max. P,, T, <50°C 1250 mW 


Therm. Res 6, 


1780 mW 


Therm. Res 6,, 


For T, >50°C Derate at | 14.2 mW/°C |16.7 mW/°C 


RC4447 


Block Diagram 


a +Vs5 


6504136 


65-4243 


Die Size: 101 mils x 66 mils 
Min. Pad Dimensions: 4 x 4 mils 
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Electrical Characteristics 
(Over the operating temperature range; V, = +5V, -12V; unless otherwise specified) 


loan = 100 pA 
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Logic Input Currents: 
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Viy = 0.8V 
ogic Input Levels: 
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Logic Input Currents: 
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a 
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Ss 
V.= +10V; V,. = 7.0V 


Power Dissipation ° lo = -20 mA; Vo, = -6V; 
Two sections powered 


Power Dissipation ° loy = -20 MA; V,, = -6V; 
V, = +5V, -10V; 

Two sections powered 

See Response Time Test Circuit 


T,= +25°C 


Response Time 4 
Tp Low to High 


Tp High to Low T, = +25°C 
Response Time * See Response Time Test Circuit | 


Rise Time 


eee 
rralime | 
[input Capacitance | 


Notes: 
1. Vo, is a function of load resistance; see Typical Performance Characteristics, V,, vs. |,,. 

2. Output switching characteristics apply to both true and complementary outputs. 

3. Power dissipation equation: (+V,-V,,,)(20mMA) + (+1, ,-20MA)(+V,) + (+V,-V,,)(10MA) + (-V,)(-1,,-10mA). 
4. Guaranteed by design. 
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Response Time Test Circuit 
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Principles of Operation 


Three functional blocks comprise the RC4447: 
a TTL compatible input stage/level shifter, a 
differential current-mode switch, and a comple- 
mentary output stage. The resultant circuit is 
similar to a differential line driver IC, but the 
output is designed specifically for driving PIN 
diode RF switches. 


Voltage Source/Current Sink Output 


A fundamental design feature of the RM4447 is 
its NPN push-pull output stage, which employs 
both a voltage source (NPN emitter follower) 
and a current sink. Refer to the block diagram 
on page 2. When one of the two outputs is 
driven low, it sinks 19 mA (nominal) |,, current 
that is supplied by the current source. When 
the output is driven high, it acts as a low imped- 
ance emitter follower, and will act as a voltage 
source two V,, below the positive supply 
voltage (Q3 and Q4 in Figure 1 are Darlington- 
connected). Thus the output presents a low im- 
pedance in the high state, and a (relatively) 
high impedance (acting as a current source) in 
the low state. 


Grounded-Cathode Application 
The RC4447 was designed for driving PIN 


diodes in a grounded-cathode configuration, 
although grounded-anode circuits also work 


Same Load 


* 
12V 


Special Functions 


well. Both the forward PIN diode current and 
the PIN diode off-bias reverse voltage can be 
adjusted by selecting external resistor values. A 
simple grounded-cathode circuit is shown in 
Figure 1. The reverse voltage is determined by 
the values of |,, and R2 plus the diode voltage 
of steering diode D1: 


Vaev = lo (R2) + V,, 


Where V,,, = Forward Diode Voltage of D1 at 


I. = lo: 


The forward current through the PIN diode (D2) 


Where V,,, = Forward Diode Voltage of the PIN 
diode. 


The off-bias voltage V,,.,, can be adjusted to 
any value within the compliance range of the 
current source. The compliance range is deter- 
mined at the negative extreme by the voltage at 
which the differential switch transistor satu- 
rates. The point at which the output saturates is 
a function of the positive supply voltage (see 
the discussion on saturation under “Grounded 
Anode Application” below.) At +V, = SV, the 
output will saturate at about -7.7V. The positive 


C1 


Di= 1N4148 


65-4139 


Figure 1. Grounded Cathode Application 
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extreme of the compliance range can be as 
high as +V. 


The response time can be improved a small 
amount by limiting the input signal swing in the 
high state to a minimum level (+2.5V to +3V 
works well). 


Grounded-Anode Application 


In the grounded anode configuration of Figure 
2, the forward PIN diode current is fixed at |,, 


and the off-bias reverse voltage is equal to V,,.. 


Voy Can be adjusted by changing the positive 
supply voltage as long as the Absolute Maxi- 
mum Ratings aren’t exceeded; V,,, (open 
circuit load) will be about 1.5V below +V.. |,, 
can be adjusted over a relatively narrow range 
of values by changing the value of -V,. Keep 
in mind that changing +V, to a value other than 
+5V will affect both the input logic threshold 
level and the output sink current compliance 
range. The logic threshold, normally +1.4V at 
+V, = SV, will become: 


V4 = 0.28(+V,) 


The lower limit of the V,, compliance range, 
the point at which the output transistor satu- 
rates, will also vary as the positive supply 
varies. See the graph of Vo, car) VS. +V, under 


+5V 
@ 


Typical Performance Characteristics. If either 
output Is allowed to saturate (as might be 
caused by making R,,,, too high In value), 
the response time will be relatively unaf- 
fected, but internal power dissipation will 
rise due to shunted |,, current. Saturating 
the output will have a similar effect on both 
grounded-anode and grounded-cathode cir- 
cuits. 


Raising the positive supply voltage any signifi- 
cant amount will change the logic threshold to 
be outside the range of TTL compatibility. 
However, the threshold can be made compat- 
ible with MOS logic families. 


Power Dissipation and Thermal Effects 


Allowable power dissipation determines how 
many sections of an RC4447 can be used ina 
given application. The value of allowable power 
dissipation depends on the type of package 
used and its thermal resistance qualities, and 
the maximum ambient temperature. In hybrid 
applications where a package having low 
thermal resistance is available, all four sections 
can be used to their full 60 nS speed capability 
over the entire military temperature range. The 
standard ceramic DIP package must be well 
heatsinked or supplied with forced-air cooling 
to operate all four sections at +125°C ambient 


PIN 
[IN diode 


PIN 
Diode 


oy 65-4140 


Figure 2. Grounded Anode Application 
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temperature. One method of reducing tempera- 
ture rise is to decrease the negative supply 
voltage to a value less than the standard -12V; 
changing -V, will affect the nominal value of |,, 
however. See the graph of |, vs. -V, under 
Typical Performance Characteristics. Also, 
reducing -V, will affect the output low satura- 
tion voltage. Make sure that there is enough 
headroom for the selected value of voltage. 


Worst-Case Power Calculation 
(grounded-cathode circuit) 


Several sources contribute to the total internal 
power dissipation. The dc terms include supply 
voltage, load current in the output high state, 
and selected output voltage in the low state. 
For a typical application using standard +5, 
-12V supplies, V,, set to -6.0V, and a 20 mA 
|b load current, the worst-case power dissipa- 
tion is: 


P = Paus + Pow + Prey = 373 MW 


D(INTERNAL) 
Where P,,,, is the power consumed by the 
start-up and level shift circuitry, and P, ,,, and 
Pricy are figures for power consumption in the 
complementary output stage. This assumes 
supply voltages having a maximum tolerance 
of 5%. 


The worst case for P,,,, is 81 mW: 


P = (-V,)(112+113+115+116+!17) 
+ (+V,)(112+116) 
= 12.6V(5)(1.1 mA) + 5.25V(2)(1.1 mA) 


= 8imW 


BIAS 


Where the numbered currents refer to the 
collector currents of the respectively labeled 
transistors in the Internal Schematic Diagram. 
These transistors have equal emitter areas 
and, accounting for base current errors, the 
currents will all have the same value (1.0 mA 
nominal and 1.1 mA worst-case). If the nega- 
tive supply voltage is changed, these currents 
will change in nearly direct proportion. 


Raytheon 


The worst case for P, 5y is 247 mW: 


(+V54+Voi+Vecuortky) 2 
Pow = (-Vs-Voloumax) + 


R3 


(5.25V+6.0V+0.8V)*2 
= (12.6V-6.0V)(23 mA) + ———________ 
1530 


= 247 mW 


Where V.uortky iS the forward drop across D2, 
lomax IS the maximum specification limit for |, 
and R3 is the low tolerance limit value for R3 in 
the Internal Schematic Diagram (410% toler- 
ance). Use the worst-case low value of 1530Q 
for R1. 


The worst case for P,,,.., is 45 mW: 


Pach = (+V5-Vou)lLoap = (5-25V-3.0V)20 mA 
= 45 mW 


The total internal dc power dissipation is 
81 mW + 247 mW + 45 mW = 373 mW. 


AC Effects on Power Dissipation 


A possible ac factor in the power dissipation 
calculation is duty cycle, but only if the outputs 
are asymmetrically loaded. With unequal 
loading, the duty cycle will determine the power 
contributed by P,,,,, and P, 5. This fact can be 
used to advantage in saving power, as shown 
in the Single Output, Reduced Power Configu- 
ration of Figure 3. 


Package Thermal Resistance 


With both dc and ac effects accounted for, the 
total internal power dissipation in a typical 
grounded-cathode application with four sec- 
tions powered is 373 mW(4) = 1.49 Watts. The 
thermal resistance of the 24-lead sidebraze DIP 
is 70°C/Watt in still air. The temperature rise will 
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be (70°C/Watt)(1.49) = 104°C. The maximum 
ambient temperature is the maximum junction 
temperature minus the temperature rise, or 
+175°C (for the sidebraze DIP) - 104°C = 
+71°C. This is the maximum safe ambient 
temperature without heatsinking, hybrid mount- 
ing, or forced-air cooling. If the power is re- 
duced through disconnecting the +V, pins of 
two or more sections, then the ground pin 
corresponding to the two unused sections 
should be left open. This wili shut down the 
bias currents associated with those sections. A 
further reduction in power dissipation can be 
obtained by reducing -V, to -10V. 


Single-Output Power Saver 


A method of gaining a small but useful reduc- 
tion in power dissipation that can be used if 
complementary outputs are not required is 
shown in the schematic of Figure 3. The true 
output operates like that of the standard 
grounded-cathode circuit, while the inverted 
output has a steering diode and resistor that 
shunts the unused |, current to ground. There 
is no P,,,.,, term for the unused output as the 
steering diode prevents the output from sour- 
cing current. The |, current must flow some- 


+5V 
@ 


“Vs 


-12V 


RC4447 


where, but in this case the majority of the 
power generated by |,, is dissipated in the 
300Q resistor and not inside the IC. The resis- 
tor should be selected such that the IR drop 
does not cause the unused output to saturate 
(300Q works well for -12V supplies). 


Since the single-output configuration is 
assymetrically loaded, the duty cycle of the 
input signal will have a great influence on the 
power dissipation. A calculation of internal 
power dissipation with a 25% duty cycle (the 
true output high 25% of the time) follows. 


PounterNaty = Paras + Prow + (Duty Cycle)(P,,.4,,) 
= 81 mW + 247 mW + (0.25)(45 mW) 
= 340 mW 


RM4447 SPICE Subcircuit Listing 


The SPICE subcircuit model given in Figure 4 
simulates a typical device for dc bias character- 
istics including power dissipation, input cur- 
rents, V,, saturation point, and logic thresh- 
olds. The subcircuit also models response 
time. 


200 pF 
® Vout 
2002 
PIN 
PIN 
A. Diode WV, Diode 
285 Q — 
65-4141 


Figure 3. Single-Output Power Saver 
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*RM4447 TRANSIENT RESPONSE R148 1.7K 

OPT LIST NODE RELTOL=.001 R2 10 11 500 

.WIDTH OUT=80 R3 12 13 200 

TRAN 20NS 2US R4 18 17 200 

OP R5 19 20 500 

PRINT TRAN V(2) R6 4 22 18K 

PROBE R7 225 7K 

XDUT 1 2 3 45 6 RM4447 R8 4 23 1.7K 

V1 1 0 PULSE (2 0 100NS 1NS 1NS S5OONS 1.5US) R9 5 24 9.0K 

VS+ 40 DC 5.0 ENDS 

VS- 06 DC 12.0 MODEL QNPN NPN IS=1.5FA BF=150 
RL1 27 200 +VAF=80 ISC=0 RB=200 RE=2 RC=75 
RL2 3 8 200 +CJE=1.4PF CJC=1.3PF VJC=0.6 

RL3 29 285 +MJC=0.5 XCJC=0.7 CJS=3.0PF 

RL4 3 10 285 +VJS=0.58 MJS=0.5 TF=0.18NS 

RGND 5 00.01 MODEL QNPNL NPN IS=30FA BF=150 
DA 7 0 DIODE +VAF=80 ISC=2NA RB=75 RE=1 RC=30 
DB 8 0 DIODE +CJE=26.0PF CJC=11PF VJC=0.6 

DC 0 9 DIODE +MJC=0.5 XCJC=0.7 CJS=9PF 

DD 0 10 DIODE +VJS=0.58 MJS=0.5 TF=0.25NS 

C127 200PEF MODEL QPNPV PNP IS=9.04E-16 BF=76 
C238 200PF +NF=1.0 VAF=108 IKF=1.6E-4 
SUBCKT RM4447 123 4 5 6 +ISE=3.2E-15 IKR=8E-4 ISC=1.8E-14 

* +NE=1.37 BR=.137 NR=1 VAR=33.8 

* IN VO VO +VS GND -VS +RB=500 IRB=1.0E-3 RBM=500 RE=37.9 
Q1 4726 QNPNL +NC=1.02 CJE=0.56PF VJE=0.4 

Q2 4876 QNPN +MJE=0.22 TF=8.0NS TR=9.5E-8 

Q3 4196 QNPN +CJC=5.2E-12 VJC=0.4 MJC=0.13 

Q4 6 19 11 6 QPNPV +RC=68 

Q5 5 11 126 QNPN MODEL DIODE D IS=9.4E-16 RS=2 
Q6 8 14 15 6 QNPN 5X +N=1.0 TT=1.0NS CJO=0.8PF 

Q7 23 16 15 6 QNPN 5X +VJ=0.7 EG=1.11 BV=6.8 

Q8 5 19 18 6 QNPN ‘MODEL SCHOT D IS=20PA RS=50 
Q9 4 22 21 6 QNPN * 

Q10 4 23 25 6 QNPN .END 

Q11 4 25 3 6 QNPNL 

Q12 11 246 6 QNPN 

Q13 14 246 6 QNPN 

Q14 15 24 6 6 QNPN 25X 

Q15 16 24 6 6 QNPN 

Q16 19 24 6 6 QNPN 

Q17 24 24 6 6 QNPN 

* 

D1 7 8 SCHOT 

D2 2 8 SCHOT 5X 


D3 109 DIODE 

D4 13 14 DIODE 
DS 12 8 SCHOT 
D6 18 23 SCHOT 
D7 17 16 DIODE 
D8 20 21 DIODE 
D9 3 23 SCHOT 5X 
D10 25 23 SCHOT 


Figure 4. SPICE Subcircuit Model 
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RM4447 SPICE Subcircuit Node Schematic Diagram 
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Special Functions 


Typical Performance Characteristics 


Ihur Low vs. V,,,, Low 


< 
E 
S 
2 
Vor(V) 
lout Low vs. V,,, Low 
re Vs= +5V, -12V 
Z Vin = +5V or OV 


loi (mA) 


lo. (mA) 


lot(mA) 


lhur Low vs. V,,,, Low 


Ta=+25°C 
Vs = +5V, -12V 
Vin = +2.4V or OV 


Ta=+25°C 
Vs = +5V, -10V 
Vin = +2.4V or OV 


65-4147 
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Typical Performance Characteristics (Continued) 


Output Sink Current vs. -V, Vousan VS: Positive Supply Voltage 


“Vs = -1 2V 
R, = Open Circuit 


I oi (mA) 
Voi (SAT) 


0 10 20 30 40 50 60 7.0 80 9.0 10.0 11.0 


Negative Supply Voltage (V) 


+Vs (V) 


Vour High vs. Output Source Current 


4.25 

| ot Ta= +25°C 
ee rs 
\ 


Input Current High vs. Temperature 


4.00 


Vin 
lsource = 10 mA 
200 


3.75 


z Isinnxk =20mA 
s =i — s | | 
z x 150 
$e - ri {i 
Pf PKS ” 
22s = td 
Li | | | E “TT 
soo Lit : 
20 30 40 50 60 £0 -40 -20 0 +20 +40 460 480 +100 +120 +140 
lon (mA) Temperature (°C) 
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RM4447 Internal Schematic Diagram 


cSt ¥-S9 


puy 1 


Sat 


a1B1SqGNS 


11-55 


Raytheon 


Section 11 


XR-2207 
Voltage- 
Controlled 
Oscillator 


Features 


& Excellent temperature stability — 20ppm/°C 

@ Linear frequency sweep 

@ Adjustable duty cycle — 0.1% to 99.9% 

m@ Two or four level FSK capability 

m@ Wide sweep range — 1000:1 min 

™ Logic compatible input and output levels 

@ Wide supply voltage range — +4V to +13V 

@ Low supply sensitivity — 0.15%/V 

m@ Wide frequency range — 0.01Hz to 1MHz 

# Simultaneous triangle and squarewave 
outputs 


Applications 


@ FSK generation 

m@ Voltage and current-to-frequency conversion 

@ Stable phase-locked loop 

@ Waveform generation triangle, sawtooth, 
pulse, squarewave 

m FM and sweep generation 


Description 


The XR-2207 is a monolithic voltage-controlled 
oscillator (VCO) integrated circuit featuring 
excellent frequency stability and a wide tuning 
range. The circuit provides simultaneous tri- 
angle and squarewave outputs over a frequency 
range of 0.01Hz to 1MHz. It is ideally suited for 
FM, FSK, and sweep or tone generation, as well 
as for phase-locked loop applications. 


XR-2207 


As shown in the Schematic Diagram, the circuit 
is comprised of four functional blocks: a 
variable-frequency oscillator which generates 
the basic periodic waveforms; four current 
switches actuated by binary keying inputs; and 
buffer amplifiers for both the triangle and 
squarewave outputs. The internal switches 
transfer the oscillator current to any of four 
external timing resistors to produce four dis- 
crete frequencies which are selected according 
to the binary logic levels at the keying terminals 
(pins 8 and 9). 


The XR-2207 has a typical drift specification of 
20ppm/°C. The oscillator frequency can be 
linearly swept over a 1000:1 range with an exter- 
nal control voltage; and the duty cycle of both 
the triangle and the squarewave outputs can be 
varied from 0.1% to 99.9% to generate stable 
pulse and sawtooth waveforms. 


Connection Information 


14-Lead 
Dual In-Line Package 
(Top View) 


Timing 
Capacitor 


Timing 
Resistors 


65-00623A 
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XR-2207 Special Functions 


Ordering Information Absolute Maximum Ratings 
Operating | ua inane ee eee sees +26V 
perenne Package | Temperature orage Temperature 
Range MaMOe s.044ecasuede o4 50042 “65° C to +190" C 


| XR2207CN 
XR2207N 


XR2207MD 
XR2207MD/883B 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 14-lead plastic DIP 

D = 14-lead ceramic DIP 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 


Thermal Characteristics 


_ 
| Plastic DIP | Ceramic DIP 

Max. Pp Ta < 50°C 
Therm. Res. 6j¢ po | 6OPC/W 
160°C/W 


6.25mW 8.33mW 
per °C per °C 


65-02632A 


Die Size: 85 x 80 mils 
Min. Pad Dimensions: 4 x 4 mils 


Therm. Res. Aj 
For T, > 50°C Derate at 


Electrical Characteristics 
(Test Circuit of Figure 1, Vs = t6V, Ta = +25°C = 5000pF, R1 = R2 = R3 = R4 = 20kO, RL, = 4.7kO, Binary 
inputs grounded, S1 and S2 closed unless otherwise specified) 


XR-2207 XR-2207C 
Parameters Test Conditions | Min | Typ | Max | Min | Typ | Max 


Supply Voltage See Typical 
Single Supply Performance 
Split Supplies Characteristics 
Supply Current Measured at pin 1, 
Single Supply S1 open (See Fig. 2) 
Split Supplies Measured at pin 1, 
Positive S1 open (See Fig. 1) 


Measured at pin 12, 
Negative S1, $2 open 


Binary Keying Inputs 


oa | Measured at pins 8 
Switching Threshold and 9. Refer to pin 10 1.4 


Input Resistance — 
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Electrical Characteristics (Continued) 


XR-2207 XR-2207C 
Parameters Test Conditions Typ Min | Typ Max | 


Oscillator Section — Frequency Characteristics 


r+\= 


[Lower Practical Frequency | C=sour.Ra=20 | [oor| |__| oor 
Frequency ating | SCT OT of 
Frequency Stability 
Vs. Temperature (Note 1) 0°C <T, < +75°C | ie! Zz ppm/°C 
Vs. Supply Voltage Pd ab %/V 


R3 = 1.5kQ for fy 
R3 = 2M for f. 


C = 5000pF 


Sweep Range 


— 
Nn S 
. 
— 


Sweep Linearity 
10:1 Sweep fy = 10kHz, f, = 1kHz 


1000:1 Sweep fy = 100KHz, f, = 100Hz 


FM Distortion +10% FM Deviation 
Recommended Range of See Characteristic 
Timing Resistors Curves 

hn. Measured at pins 4, 
Impedance at Timing Pins 5 6or7 


DC Level at Timing Terminals 


Triangle Output 
Amplitude 


= 

S 
=) nm a ae 
S © Oo 


—, 
oat oad O}a| Ss S 
CoO] On “1 ola = a tn | : 
— 
) I+ 
= Nn 
lam) 


—H 

3 ~ z = 
oO oO i=) 
ce ; : : 


=| Ww — be) 
ol on —=|o|o 


Output Characteristics 


Measured at pin 14 


; | 


—_— 
So 


Impedance 
DC Level 
Linearity 


Referenced to pin 10 
from 10% to 90% of 
swing 


Measured at pin 13, 
S2 Closed 


Referenced to pin 12 
C. < 10pF | 
C. < 10pF 


7 
S 
3/.\|= 


Sl] CS 
Ro | Po — 
oO 
> 

oak 


Squarewave Output 
Amplitude 


<= 
=) 
3 


—) > 


Saturation Voltage 


Rise Time 


© 


oOo 
o~ 


| 20 


Fall Time 


Note: 1. Guaranteed by design 
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XR-2207 Special Functions 


Typical Performance Characteristics 


Typical Operating Range Frequency Accuracy vs. 
for Split Supply Voltage Timing Resistance 


5 


MOAMAQQAASY 


| 
G PO 


2 
So 
= 
= 
a 
a 
= 
” 
e 
= 
= 
S 
a. 


Frequency error (%} 


i] 
> 


65-00629A 


E 
L. | 
NOD 


1K 10K 100K 1M 10M 
Negative Supply (Volts) Timing Resistance (Ohms) 


Recommended Timing Resistor Value vs. 
Power Supply Voltage* Frequency Drift vs. Supply Voltage 


1.04 
1.02 N Rr = 20k.) 


Zul op : 

in} = 

5 Uf : 1.00 \ 

100K %, ¥/ Z 098 | 

F Y fate YH, z eine 

= 10K 7 aia Le aa Ta = +25°C So 

= é Q < 3 A= t20° < 

= Zee = 0.94F Rr = Total Timing Resistance 

b C = 5000pF rs 

1K —_::, ® 0.92 i: 


0 4 8 12 16 2 4 6 8 10 12 14 
Split Supply Voltage (Volts) Split Supply Voltage (Volts) 

ee ee, ee: ee (ae 

0 8 16 24 32 4 8 12 16 20 24 28 
Single Supply Voltage (Volts) Single Supply Voltage (Volts) 


Normalized Frequency 
Pulse and Sawtooth Outputs Drift With Temperature 


Z| 
| Ne 


-75 -50 -25 0 +25 +50 +75 +100 +125 


-1% 


Normalized Frequency Drift (%) 


65-00628A 


Temperature (°C) 
* Rt = Parallel Combination of Activated Timing Resistors 
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Description of Circuit Controls 


Timing Capacitor (pins 2 and 3) 

The oscillator frequency is inversely proportional 
to the timing capacitor, C. The minimum capac- 
itance value is limited by stray capacitances and 
the maximum value by physical size and leakage 
Current considerations. Recommended values 
range from 100pF to 100uF. The capacitor 
should be non-polarized. 


Timing Resistors (pins 4, 5, 6, and 7) 

The timing resistors determine the total timing 
current, I7, available to charge the timing capac- 
itor. Values for timing resistors can range from 
1.5kQ. to 2MQ; however, for optimum temper- 
ature and power supply stability, recommended 
values are 4k to 200k. To avoid parasitic pick 
up, timing resistor leads should be kept as short 
as possible. For noisy environments, unused or 
deactivated timing terminals should be bypassed 
to ground through 0.1uF capacitors. Otherwise, 
they may be left open. 


Supply Voltage (pins 1 and 12) 

The XR-2207 is designed to operate over a 
power supply range of +4V to +18V for split 
supplies, or 8V to 26V for single supplies. At 
high supply voltages, the frequency sweep 
range is reduced. Performance is optimum for 
+6V, or 12V single supply operation. 


Binary Keying Inputs (pins 8 and 9) 

The internal impedance at these pins is approxi- 
mately 5k). Keying levels are <1.4V for “zero” 
and >8:V for “one” logic levels referenced to the 
DC voltage at pin 10. 


Bias for Single Supply (pin 11) 

For single supply operations, pin 11 should be 
externally biased to a potential between +Vs/3V 
and +Vs/2V (see Figure 1). The bias current as 
pin 11 is nominally 5% of the total oscillation 
timing current It. 


Ground (pin 10) 

For split supply operation, this pin serves as Cir- 
Cuit ground. For single supply operation, pin 10 
should be AC grounded through a 1uF bypass 
Capacitor. During split supply operation, a 
ground current of 2 I+ flows out of this terminal, 
where I+ is the total timing current. 
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Squarewave Output (pin 13) 

The squarewave output at pin 13 is an “open- 
collector” stage capable of sinking up to 20mA 
of load current. Ri serves as a pull-up load 
resistor for this output. Recommended values 
for RL range from 1k) to 10k. 


Triangle Output (pin 14) 

The output at pin 14 is a triangle wave with a 
peak swing of approximately one-half of the 
total supply voltage. Pin 14 has a very low out- 
put impedance of 100 and is internally protected 
against short circuits. 


Note: Triangle waveform linearity is sensitive to parasitic 
coupling between the square and the triangle-wave 
Outputs (pins 13 and 14). In board layout or circuit 
wiring care should be taken to minimize stray wiring 
Capacitance between these pins. 


Operating Instructions 


Precautions 

The following precautions should be observed 
when operating the XR-2207 family of integrated 
Circuits: 


1. Pulling excessive current from the timing 
terminals will adversely effect the tempera- 
ture stability of the circuit. To minimize this 
disturbance, it is recommended that the total 
Current drawn from pins 4, 5, 6, and 7 be 
limited to <6mA. In addition, permanent 
damage to the device may occur if the total 
timing current exceeds 10mA. 


2. Terminals 2, 3, 4, 5,6, and 7 have very low 
internal impedance and should, therefore, be 
protected from accidental shorting to ground 
or the supply voltages. 


3. The keying logic pulse amplitude should not 
exceed the supply voltage. 


Split Supply Operation 

Figure 1 is the recommended circuit connection 
for split supply operation. The frequency of 
operation is determined by the timing capacitor, 
C, and the activated timing resistors (R1 through 
R4). The timing resistors are activated by the 
logic signals at the binary keying inputs (pins 8 
and 9), as shown in Table 1. If a single timing 
resistor is activated, the frequency is 1/RC. 


Raytheon 


XR-2207 


Special Functions 


Binary Keying 
Inputs 


Test 


“VEO 


XR-2207 


Device 
Under 


OY O—O +Vs 


Ri 


O Squarewave 
Out 


O Trianglewave 
Out 


65-00624A 


Note: This circuit is for Bench Tests only. DC testing is normaily performed with automated test equipment 


using an equivalent circuit. 


Figure 1. Test Circuit for Split Supply Operation 


Table 1. Logic Table for Binary Keying Controls 


fy = 1/R3C, Af, = 1/R4C 
fo = 1/R2C, Afo = 1/R1C 
Logic Levels: 0 = Ground 


oft east Ps a 
fol 5 |e 


Note: For single-supply operation, logic levels are ref- 
erenced to voltage at pin 10. 


Logic Levels: 1 = >3V 


Otherwise, the frequency is either 1/(R1||R2)C 
or 1/(R1||R4)C 


The squarewave output is obtained at pin 13 and 
has a peak-to-peak voltage swing equal to the 
supply voltages. This output is an “open- 
collector” type and requires an external puli-up 
load resistor (nominally 5k) to the positive 
supply. The triangle waveform obtained at pin 14 
is centered about ground and has a peak ampli- 
tude of +Vs/2. 


The circuit operates with supply voltages rang- 
ing from +4V to +13V. Minimum drift occurs with 
+6V supplies. 


Single Supply Operation 
The circuit should be interconnected as shown 
in Figure 2 for single supply operation. Pin 12 


Raytheon 


should be grounded, and pin 11 biased from 
+Vs through a resistive divider to a value of bias 
voltage between +Vs/3 and +Vs/2. Pin 10 is by- 
passed to ground through a 0.1uF capacitor. 


For single supply operation, the DC voltage at 
pin 10 and the timing terminals (pins 4 through 
7) are equal and approximately 0.6V above Vp, 
the bias voltage at pin 11. The logic levels at the 
binary keying terminals are referenced to the 
voltage at pin 10. 


On-Off Keying 

The XR-2207 can be keyed on and o’f by simply 
activating an open circuited timing pin. Under 
certain conditions, the circuit may exhibit very 
low frequency (<1Hz) residual oscillation in the 
“off” state due to internal bias current. If this 
effect is undesirable, it can be eliminated by 
connecting a 10M resistor from 3 to +Vs. 


Frequency Control (Sweep and FM) 

The frequency of operation is controlled by vary- 
ing the total timing current, I+, drawn from the 
activated timing pins 4, 5, 6, or 7 The timing cur- 
rent can be modulated by applying a control 
voltage, Vc, to the activated timing pin through a 
series resistor Rc as shown in Figure 3. 


For split supply operation, a negative control 
voltage, Vc, applied to the circuit of Figure 3 
causes the total timing current, I7, and the fre- 
quency, to increase. 
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Inputs 
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O Trianglewave 
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Figure 2. Test Circuit for Single Supply Operation 


Figure 3. Frequency Sweep Operation 


As an example, in the circuit of Figure 3, the 
binary keying inputs are grounded. Therefore, 
only timing pin 6 is activated. 


The frequency of operation is determined by: 


7. h - tere 
R3Cg{  (Rc)(-Vs) 


Pulse and Sawtooth Operation 

The duty cycle of the output waveforms can be 
controlled by frequency shift keying at the end 
of every half cycle of oscillator output. This is 
accomplished by connecting one or both of the 
binary keying inputs (pins 8 or 9) to the square- 
wave output at pin 13. The output waveforms 


can then be converted to positive or negative 
pulses and sawtooth waveforms. 


Figure 4 is the recommended circuit connection 
for duty cycle control. Pin 8 is shorted to pin 13 
so that the circuit switches between the “0,0” 
and the “1,0” logic states given in Table 1. 
Timing pin 5 is activated when the output is 
“high”, and pin 6 is activated when the square- 
wave Output goes to a “low’” state. 


The duty cycle of the output waveforms is given 
as: 


R2 


Duty Cycle = Ro+R3 


and can be varied from 0.1% to 99.9% by proper 
choice of timing resistors. The frequency of 
oscillation, f, is given as: 


tlie) 

C LR2+R3 
The frequency can be modulated or swept with- 
out changing the duty cycle by connecting R2 
and R3 to a common control voltage Vc instead 
of to -Vs. The sawtooth and the pulse output 
waveforms are shown in the Typical Perfor- 
mance Characteristics Graphs. 
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Sawtooth 
Output 


4.7K 


— Output O +Vs 65-00633A 


Figure 4. Pulse and Sawtooth Generation 


Schematic Diagram 
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Trianglewave 
Output 


Squarewave 
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Keying 
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65-096 22B 


Section 11 


XR-2211 


XR-2211 

FSK 
Demoduilator/ 
Tone 
Decoder 


Features 

Wide frequency range — 0.01 Hz to 300 kHz 
Wide supply voltage range — 4.5V to 20V 
DTL/TTL/ECL logic compatibility 

FSK demodulation with carrier-detector 
Wide dynamic range — 2 mV to 3 Vi4. 
Adjustable tracking range — +1% to +80% 
Excellent temperature stability — 20 ppm/°C 
typical 


i onnentaien 

FSK demodulation 
Data synchronization 
Tone decoding 

FM detection 

Carrier detection 


Description 

The XR-2211 is a monolithic phase-locked loop 
(PLL) system especially designed for data commu- 
nications. It is particularly well suited for FSK 
modem applications, and operates over a wide 
frequency range of 9.01 Hz to 300 kHz. It can 


accommodate analog signals between 2 mV 
and 3V, and can interface with conventional 
DTL, TTL and ECL logic families. The circuit 
consists of a basic PLL for tracking an input 
signal frequency within the passband, a quad- 
rature phase detector which provides carrier 
detection, and an FSK voltage comparator 
which provides FSK demodulation. External 
components are used to independently set 
carrier frequency, bandwidth, and output delay. 


Connection Information 


14-Lead 
Dual In-Line Package 
(Top View) 


+Vcc 


Input 


Lock 
Detector 
Fiiter 


Detector 


Comparator 


Data 
Output 


65-00657A 


Timing 
Resistor 


Loop 
o-Det 
Output 


Ref 
Voltage 
Output 


Ref 
Bypass 


FSK 
Comp 
Input 


XR-2211 


Absolute Maximum Ratings 


Supply Voltage ..........cccccssessssssesscsessesreecees +20V 
Input Signal Level ..........c ee eeeeeeeee oh ee 
Storage Temperature 

PRAMOG veaseasbecppteasenesanlensnntens -65°C to +150°C 
Operating Temperature Range 

MRZZ11 MD sistinsesntansesvessvnsce -55°C to +125°C 

KRZ21 IN ssscicnntstecowranssswireseon -25°C to +85°C 

RAZZVIGWN ssssisssnsasoncsaconsecentaais 0°C to +70°C 
Lead Soldering Temperature 

(OU S60) aissinarienionaeiearnspanesteanssenincevterined +300°C 


Operating 
Temperature 
Range 


Part Number 


Package 


| XR2211N 


Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 14-lead plastic DIP 

D = 14-lead ceramic DIP 

Contact a Raytheon sales office or representative for 
ordering information on special package/temperature 
range combinations. 


Thermal Characteristics 


14-Lead | 14-Lead 
Plastic Ceramic 
DIP DIP 


Tem. Res®,, |_| som 


For T, >50°C Derate at | 6.25 mW | 8.33 mw 
per °C per °C 


Special Functions 


Mask Pattern 


65-01097A 


Die Size: 103 x 80 mils 
Min. Pad Dimensions: 4x 4 mils 
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Functional Block Diagram 


Loop Data 
Filter Filter FSK 


Output 
© 


Lock 
Detect 
Outputs 


Lock Lock 
Detect Detect 
Filter Comp 


65-00655A 


Electrical Characteristics (Test Conditions +Vs = +12V, Ta = +25°C, RO = 30k0, 
CO = 0.033uF. See Figure 1 for component designations.) 


Parameters Test Conditions 


[Suopy vote ——SSSC~dSSSC~‘“‘;CSC*C «dT (‘dT [8] CT 
siopy Curent ————SS=i RETO ——«YSCd 


Frequency Accuracy ° ae al 


Frequency Stability’ 
Temperature Coefficient 
+Vs = 12 +1V 
+Vs = 5 +0.5V 


Frequency’ 


Timing Resistor, RO 
Operating Range 


Recommended Range 


Note: 1. Guaranteed by design. 
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Electrical Characteristics (Continued) 
(Vs = +12V, Ta = +25°C, RO = 30k, CO = 0.033uF. See Figure 1 for component designations.) 


Parameters 


Output Impedance 


Quadrature Phase Detector 
Meas. at Pin 3 


input Preamp 


Meas. at Pin 2 


Input Signal Voltage Required 
to Cause Limiting? 


Input Impedance P| P| 
Input Bias Current Ff 100} 
Voltage Gain' Ry, = 5.1kO 


Fouputimpesance Sst SY SCT YY to] df 


Notes: 
1. Guaranteed by design. 
2. Sample tested. 
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Description of Circuit Controls 


Signal Input (Pin 2) 

The input signal is AC coupled to this terminal. 
The internal impedance at pin 2 is 20 kQ. Recom- 
mended input signal level is in the range of 

10 MVe ys 10 3 Verc- 


Quadrature Phase Detector Output (Pin 3) 
This is the high-impedance output of the quadra- 
ture phase detector, and is internally connected to 
the input of lock-detect voltage comparator. In 
tone detection applications, pin 3 is connected to 
ground through a parallel combination of R. and 
C,, (see Figure 1) to eliminate chatter at the lock- 
detect outputs. If this tone-detect section is not 
used, pin 3 can be left open circuited. 


Lock-Detect Output, Q (Pin 5) 

The output at pin 5 is at a “high” state when the 
PLL is out of lock and goes to a “low” or conduct- 
ing stage when the PLL is locked. It is an open 
collector type output and requires a pull-up resis- 
tor, R: to +V, for proper operation. In the “low “ 
state It can sink up to 5 mA of load current. 


Lock-Detect Complement, Q (Pin 6) 

The output at pin 6 is the logic complement of the 
lock-detect output at pin 5. This output is also an 
open collector type stage which can sink 5 mA of 
load current in the low or “on” state. 


2 . 
} Input 


e 
0.1 uF 
Input & Preamp 


“ne'ee 


03 


FSK Data Output (Pin 7) 

This output is an open collector logic stage which 
requires a pull-up resistor, R, , to +V. for proper 
operation. Itcan sink 5 mA of load current. When 
decoding FSK signals the FSK data output will 
switch to a “high” or off state for low input fre- 
quency, and will switch to a “low” or on state for 
high input frequency. If no input signal is present, 
the logic state at pin 7 is indeterminate. 


FSK Comparator Input (Pin 8) 

This is the high-impedance input to the FSK 
voltage comparator. Normally, an FSK post 
detection or data filter is connected between this 
terminal and the PLL phase-detector output (pin 
11). This data filter is formed by R, and C, of 
Figure 1. The threshold voltage of the compara- 
tor is set by the internal reference voltage, Ve» 
available at pin 10. 


Reference Bypass (Pin 9) 
This pin can have an optional 0.1 wF capacitor 
connected to the ground. 


Reference Voltage, VR (Pin 10) 

This pin is internally biased at the reference 
voltage level, V,; V, = V+/2 - 650 mV. The de 
voltage level at this pin forms an internal refer- 
ence for the voltage levels at pin 3, 8, 11 and 12. 
Pin 10 must be bypassed to ground with a 0.1 uF 
Capacitor. 


Rp 


510K Ru 1 
O) 
\+ 
FSK 
Y Output 
FSK 
Comparator 
Internal 
Reference 
Q 
O 6 
Lock 
Detect 
Outputs 
Lock 05 
Detect Q 
Comparator 
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Figure 1. Generalized Circuit Connection for FSK and Tone Detection 
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Loop Phase Detector Output (Pin 11) 

This terminal provides a high impedance output 
for the loop phase-detector. The PLL loop filter 
is formed by R1 and C1 connected to pin 11 
(see Figure 1). With no input signal, or with no 
phase error within the PLL, the DC level at 
pin 11 is very nearly equal to Vpy. The peak 
voltage swing available at the phase detector 
Output is equal to +Vrpr. 


VCO Control Input (Pin 12) 

VCO free-running frequency is determined by 
external timing resistor, RO, connected from this 
terminal to ground. The VCO free-running fre- 
quency, fo, is given by: 


4 

fo(M2) = Roce 

where CO is the timing capacitor across pins 13 
and 14. For optimum temperature stability RO 
must be in the range of 10k. to 100k2 (see Typical 
Electrical Characteristics). 


This terminal is a low impedance point, and is 
internally biased at a DC level equal to Vp. The 
maximum timing current drawn from pin 12 must 
be limited to <8mA for proper operation of the 
circuit. 


VCO Timing Capacitor (Pins 13 and 14) 

VCO frequency is inversely proportional to the 
external timing capacitor, CO, connected across 
these terminals. CO must be non-polarized, and in 
the range of 200pF to 10uF. 


VCO Frequency Adjustment 

VCO can be fine tuned by connecting a poten- 
tiometer, Rx, in series with RO at pin 12 (see 
Figure 2). 


VCO Free-Running Frequency, fo 

The XR-2211 does not have a separate VCO 
output terminal. Instead, the VCO outputs are 
internally connected to the phase-detector sec- 
tions of the circuit. However, for setup or adjust- 
ment purposes, the VCO free-running frequency 
can be measured at pin 3 (with Cp disconnected) 
with no input and with pin 2 shorted to pin 10. 


Special Functions 


Design Equations 
See Figure 1 for Definitions of Components. 


1. VCO Center Frequency, fo: 


1 
ROCO 


2. Internal Reference Voltage, VR (measured 
at pin 10): 
oS)- 
Va = ( ==-)- 650mV 


3. Loop Lowpass Filter Time Constant, r: 
t= R1C1 
4. Loop Damping, ¢: 
(V8) (4) 
C1 4 
5. Loop Tracking Bandwidth, +Af/fo: 
Af/fo = RO/R1 


fo(Hz) = 


Af/fo = RO/R1 


Tracking 
Bandwidth 


iu 2 © « wt LH 
65-00664A 


6. FSK Data Filter Time Constant, 7F: 
TF = ReCr 
7. Loop Phase Detector Conversion Gain, Kg: 
(Kg is the differential DC voltage across 
pins 10 and 11, per unit of phase error at 
phase-detector input): 
(-2)(VrR) 


K@ (in volts per radian) = = 


8. VCO Conversion Gain, KO, is the amount of 
change in VCO frequency per unit of DC 
voltage change at pin 11: 

-1 


KO (in Hertz per volt) = COR1Va 


9. Total Loop Gain, Kr: 


K+ (in radians per second per volt) = 27K@KO 
= 4/COR1 
10. Peak Phase-Detector Current, la: 
VR 
Ia (MA) = 35 
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Applications 


FSK Decoding 

Figure 2 shows the basic circuit connection for 
FSK decoding. With reference to Figures 1 and 
2, the functions of external components are de- 
fined as follows: RO and CO set the PLL center 
frequency, R1 sets the system bandwidth, and 
C1 sets the loop filter time constant and the loop 
damping factor. Ce and Re form a one pole 
post-detection filter for the FSK data output. The 
resistor Rp (= 510kQ) from pin 7 to pin 8 introduces 
positive feedback across FSK comparator to facili- 
tate rapid transition between output logic states. 


Recommended component values for some of 
the most commonly used FSK bauds are given 
in Table 1. 


Data C1 ad 


Output 


Rp 
510K 


Figure 2. Circuit Connection for FSK Decoding 


Table 1. Recommended Component Values 
for Commonly Used FSK Bands 
(See Circuit of Figure 2) 


FSK Band Component Values 


300 Baud CO = 0.039uF Cr = 0.005uF 


fy = 1070Hz C1 =0.01uF RO = 18k 


fo = 12/70Hz R1 = 100k9 
300 Baud CO = 0.022uF Cr = 0.005uF 


fy = 2025Hz C1 = 0.0047uF Ri = 18k9 


fo = 2225HZ R1 = 200k0 
1200 Baud CO = 0.027uF Cr = 0.0022uF 


fy = 1200Hz C1 =0.01uF RO = 18k9 


fo = 2200Hz R1 = 30k 
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Design Instructions 

The circuit of Figure 2 can be tailored for any 
FSK decoding application by the choice of five 
key circuit components; RO, R1, CO, C1 and Cr. 
For a given set of FSK mark and space fre- 
quencies, f; and fo, these parameters can be 
calculated as follows: 


1. Calculate PLL center frequency, fo 


_ fy + fe 
fo = 5 
2. Choose a value of timing resistor RO to be in 
the range of 10k to 100k. This choice is 
arbitrary. The recommended value is RO = 
20k. The final value of RO is normally fine- 
tuned with the series potentiometer, Rx. 


3. Calculate value of CO from Design Equation 
No. 1 or from Typical Performance Charac- 
teristics: 

CO = 1/ROfo 


4. Calculate R1 to give a Af equal to the mark- 
space deviation: 
R1 = RO [fo/(f, - fo)] 


5. Calculate C1 to set loop damping. (See Design 
Equation No. 4.) 
Normally, ¢ ~ 1/2 is recommended 
Then: C1 = CO/4 for ¢ = 1/2 


6. Calculate Data Filter Capacitance, Cr: 
For Re = 100k, Rg = 510k, the recom- 
mended value of Cer is: 

se. 

Baud Rate 


Note: All calculated component values except RO can be 
rounded off to the nearest standard value, and RO can 
be varied to fine-tune center frequency through a 
series potentiometer, Rx (see Figure 2). 


Cr (in uF) = 


Design Example 
75 Baud FSK demodulator with mark/space fre- 
quencies of 1110/1170Hz: 


Step 1: Calculate fo: 
fo = (1110 + 1170) (1/2) = 1140Hz 

Step 2: Choose RO = 20k (18kQ fixed resistor 
in series with 5k potentiometer) 

Step 3: Calculate CO from Vco Frequency vs. 
Timing Capacitor: CO = 0.044uF 

Step 4: Calculate R1: R1=R0O (2240/60) = 380kN. 

Step 5: Calculate C1: C1 = C0/4 =0.011uF 


Note: All values except RO can be rounded off to nearest 
standard value. 


Raytheon 


XR-2211 


Special Functions 


FSK Decoding With Carrier Detect 


The lock-detect section of the XR-2211 can be 
used as a carrier detect option for FSK decoding. 
The recommended circuit connection for this 
application is shown in Figure 3. The open- 
collector lock-detect output, pin 6, is shorted to 
the data output (pin 7). Thus, the data output will 
be disabled at “low” state, until there is a carrier 
within the detection band of the PLL, and the pin6 
output goes “high” to enable the data output. 


Data 


oh FF 


— 65-00666A 


Note: Data output is “low” when no carrier is present. 


Figure 3. External Connections for FSK 
Demodulation With Carrier Detect Capability 


The minimum value of the lock-detect filter 
capacitance Cp is inversely proportional to the 
capture range, +Afg. This is the range of incoming 
frequencies over which the loop can acquire 
lock and is always less than the tracking range. 
It is further limited by C1. For most applications, 
Af, < Af/2. For Rp = 470k, the approximate 
minimum value of Cp can be determined by: 


Cp(uF) = 16/capture range in Hz 


With values of Cp that are too small, chatter can 
be observed on the lock-detect output as an 
incoming signal frequency approaches the cap- 
ture bandwidth. Excessively large values of Cp 
will slow the response time of the lock-detect 
output. 


Tone Detection 


Figure 4 shows the generalized circuit connection 
for tone detection. The logic outputs, Q and Q 
at pins 5 and 6 are normally at “high” and 
“low” logic states, respectively. When a tone is 


present within the detection band of the PLL, 
the logic state at these outputs becomes reversed 
for the duration of the input tone. Each logic 
Output can sink 5mA of load current. 


Both logic outputs at pins 5 and 6 are open- 
collector type stages, and require external pull- 
up resistors RL; and R,2 as shown in Figure 4. 


Logic 


“LJ Output Q 


Figure 4. Circuit Connection for Tone Detection 


With reference to Figures 1 and 4, the function 
of the external circuit components can be ex- 
plained as follows: RO and CO set VCO center 
frequency, R1 sets the detection bandwidth, C1 
sets the lowpass-loop filter time constant and 
the loop damping factor, and R,_; and R, 2 are the 
respective pull-up resistors for the Q and Q logic 
outputs. 


Design Instructions 

The circuit of Figure 4 can be optimized for any 

tone-detection application by the choice of five 

key circuit components: RO, R1, CO, C1, and Cp. 

For a given input tone frequency, fs, these 

parameters are calculated as follows: 

1. Choose RO to be in the range of 15k. to 
100k. This choice is arbitrary. 

2. Calculate CO to set center frequency, fo equal 
to fs: CO = 1/ROfs. 

3. Calculate R1 to set bandwidth +Af (see 
Design Equation No. 5): R1 = RO(fo/Af) 


Note: The total detection bandwidth covers the frequency 
range of fo + Af. 
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4. Calculate value of C1 for a given loop 
damping factor: 


C1 = C0/162 


Normally ¢ ~ 1/2 is optimum for most tone- 
detector applications, giving C1 = 0.25 CO. 


Increasing C1 improves the out-of-band signal 
rejection, but increases the PLL capture time. 


5. Calculate value of filter capacitor Cp. To 
avoid chatter at the logic output, with Rp = 
470k, Cp must be: 


Cp(uF) = (16/capture range in Hz) 


Increasing Cp slows the logic output response 
time. 


Design Examples 
Tone detector with a detection band of 1kHz 
+20HZ: 


Step 1: Choose RO = 20k (18k. in series with 
5k potentiometer). 

Step 2: Choose CO for fo = 1kHz: CO = 0.05pF. 

Step 3: Calculate R1: R1= (RO) (1000/20) = 1M. 

Step 4: Calculate C1: for ¢ = 1/2, C1 = 0.25yF, 
CO = 0.013 uF. 

Step 5: Calculate Cp: Cp = 16/38 = 0.42uF. 

Step 6: Fine tune the center frequency with the 


ok potentiometer, Rx. 


Linear FM Detection 


The XR-2211 can be used as a linear FM de- 
tector for a wide range of analog communications 
and telemetry applications. The recommended 
circuit connection for the application is shown 


XR-2211 


in Figure 5. The demodulated output is taken 
from the loop phase detector output (pin 11), 
through a post detection filter made up of Rr 
and Cr, and an external buffer amplifier. This 
buffer amplifier is necessary because of the high 
impedance output at pin 11. Normally, a non- 
inverting unity gain op amp can be used as a 
buffer amplifier, as shown in Figure 5. 


~ Demod 
Output 


— 
65-00668A 


Note: See section on Design Equations for Component Values. 


Figure 5. Linear FM Detector Using XR-2211 
and an External Op Amp 


The FM detector gain, i.e., the output voltage 
change per unit of FM deviation, can be given as: 
Vout = R1 Vp/100 RO Volts/% deviation 


where Vp is the internal reference voltage. For the 
choice of external components R1, RO, Cp, C1 
and Cr, see the section on Design Equations. 
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Typical Performance Characteristics 


Typical Supply Current vs. 
+Vg (Logic Outputs Open Circuited) VCO Frequency vs. Timing Resistor 


1 


20 
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a) [ a ) ae. * Ge 
=> Sea». “a 
= = Lt rf on <i 
A 5 oe 
| Lp 
0 8 0.01 
4 6 i 10 | 14 20 22 24 100 
Supply Voltage, Ps as fo (Hz) 
VCO Frequency vs. Timing Capacitor Typical Center Frequency Drift vs. Temperature 
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ae, — 
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me 
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Schematic Diagram 
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SECTION 12 
ORDERING INFORMATION 
& PACKAGES 


Raytheon Series RM 4077 A L /883B 


Temperature Range 

RM = Military -55°C to +125°C 
RV = Industrial -25°C to +85°C* 
RC = Commercial 0°C to +70°C 


Basic Part Type 
Four digits max 


Electrical Grade 
See data sheet 


Package Type 
See page 12-3 for 
package codes 


High Reliability Processing 
(optional) 


“Temperature range may be extended to -35°C or -40°C for specific device types. 
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LT-Series & DAC-Series DAC -6012 AMD /883B 
Prefix: DAC = D/A comers; 
LT = Industry Type (2nd source) 
Basic Part Type ————_—_—____—_ 

Four digits max 

Electrical Grade 

See data sheet 

Temperature Range 

M = Military -55°C to +125°C 

C = Commercial 0°C to +70°C 
Package Type 

See data sheet for 

package outline 

High Reliability Processing 
(optional) 

LM Series ‘i 101 A D /883B 
Prefix: (2nd source) ——————————__ 

LM = Industry Type 

Basic Part Type and 

Temperature Range 

First digit denotes temperature range 
1 = Military -55°C to +125°C 

2 = Industrial -25°C to +85°C 

3 = Commercial 0°C to +70°C 
Electrical Grade 

See data sheet 

Package Type 

See page 12-3 for 

package codes 

High Reliability Processing 

(optional) 
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XR Series XR - 2211 C P /883B 


Prefix: (2nd source) ee 


XR = Industry Type 


Basic Part Type 
Four digits max 


Temperature Range 
M = Military -55°C to +125°C 
[ ] No designator = 
Industrial -25°C to +85°C 
C = Commercial 0°C to +70°C 


Package Type 
See below for 
package codes 


High Reliability Processing 


(optional) 
Branding Codes Package Codes 
RM4447D CH Waffle-Packed Dice 
RAY T 8850 D Ceramic DIP 
“T. H Metal Can (epoxy die attach) 
Raytheon K 9-Lead Metal Can Power Package 
L Ceramic Leadless Chip Carrier (LCC) 
Assembly M Small Outline Package (SOIC) 
Plant N Plastic Dual In-Line Package (DIP) 
(see table) S Sidebraze Ceramic DIP 
T Metal Can (eutectic die attach) 
Year (19XX) 
Work Week Refer to the individual data sheet or to the 
(1 to 52) Packaging Information for outline dimensions. 


Raytheon 12-3 


Section 12 


Approved Assembly Plants & Brand Codes 


"O" M.V. 
Raytheon Semiconductor, 490 E. Middlefield Road, 
Mountain View, CA 94043 


"T" TEPIC 
ENSA Electronica Nayarit, S.A., Juan Escutia 
No. 122 Tepic Nayarit, Mexico 


"C" Epic/M 
Epic Semiconductor Inc. 
2100 Pasong Tamo Extension, Makati, 
Metro Manile, Philippines 


"L" NJRC 
New Japan Radio (Saga Electronics Co., Ltd.) 
950 Tateno Mitagawa-Machi 
Kanzaki-Gun Saga Pref. Fakuoka, Japan 


"P" SDPI 
Semiconductor Devices Inc. 
GMTFM Compound, Tagoig, Rizal 
P.O. Box 7438 
Air Mail Exchange Office, MIA, Philippines 


"F" Talent Electronics Corp. 
3rd Floor No. 2, Lane 49 
Chung HSIAO E. Road Section 4 
Taipei, Taiwan, R.O.C. 
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Packaging Information 


8-Lead Plastic Dual In-Line Package 


Dimension 


0.36 0.58 
0.76 1.78 


.100 BSC 


060 


8-Lead Ceramic Dual In-Line Package 


Dimension 


PA L200 | 5.08 
8 a 0.36 0.58 
1271.65 
| & | 372.405 | 9.49 10.29 
F 6.10 6.88 
ee eT 
D 
- oe 
SM 
a oe 
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Reference Plane 


Base and Seating Plane 
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8-Lead TO-99 Metal Can 


a as 
Dimension 

Se 
Se 
Pc | oreo | 
op | 335 sv | 8519.40 
PE | 80585 | 7.75 8ST 
ae eee 
pe [| zoopso | sos BSC 
pH | tooesc | esaesc 
a ee ee 
ee 
es 
| . 

PR 


.027 034 

.027 .045 

.500 .750 
ee 
[oo oes ste 


J 
L 


8-Lead Plastic Small Outline Dual In-Line Package 


man | — Millimeters 
ee ee 
[ar | oo 008 | 1020 
[ec | 07 009 


3.80 4.00 


C 
Te | _.080 880 


.228 .244 5.80 6.20 
.020 045 508 1.143 
ee ee 
65-3393 


Note: C Dimension does not include Hot Solder Dip thickness. 


Dimensions conform to JEDEC specification MS-012-AA for SO 
packages. 


Ordering Information & Packages 


9-Lead TO-66 Metal Can 


Inches Millimeters 


Min Max 
6.35 8.63 
PF fe .863 


Dimension 


5.84 BSC 
127 1.90 


12.11 12.26 
36° Typ 
24.33 24.43 
31.80 
17.80 


10-Lead TO-100 Metal Can 


Dimension 


Millimeters 


| Min Max Max 
0.165 0.185 4.19 4.70 


Reference Plane 


Base and Seating Plane 


A M 0.016 0.019 0.41 0.48 
P 0.016 0.021 | 041 053 
N 0.335 0.370 8.51 9.40 
0.305 0.335 7.75 8.51 
aa oF 0.110 0.160 2.79 4.06 
om | eee 
TT G 0.230 BSC 5.84 BSC 
DE en, | Ga 
— a eC 
cam | eee 
Cc K 0.028 0.034 
J B 
L 
R 


0.050 


0.010 0.045 
36° BSC 
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14-Lead Plastic Dual In-Line Package 


14-Lead Ceramic Dual in-Line ae 


=f 
ee [088 ose 
0s [008 1990 


245 .271 6.22 6.88 
.320 7.37 8.13 
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14-Lead Plastic Small Outline Dual In-Line Package 


| A | oos3 oso | 1.35 1.75 
|B | 004 oor | 096 0.48 
| ¢ | _oosopsc | 1.2Bsc 

|p | _ 0.0075 0.009 | o19 0.28 
| £ | ose 03a | 854 8.74 | 
SY 
pK 
pL 
_ MT 
ae 


0.004 0.008 0.10 0.20 


Dimensions conform to JEDEC Specification 
MS-012-AA for SO packages. 


16-Lead Plastic Dual In-Line Package 


0.58 
N 1.78 
F 0.30 
A 
J G 


65-1198 
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16-Lead Ceramic Dual In-Line Package 


65-1208 


19.02 19.94 
6.60 7.30 


|G | 20 sao | 757 ans 


.100 BSC 2.54 BSC 
3.18 5.08 


16-Lead Ceramic Sidebraze Dual In-Line Package 


es 
| Dimension — eee ee 
| UA 


C 038 065 .96 1.65 
.20 33 
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18-Lead Ceramic Dual In-Line Package 


65-1211 


20-Lead Plastic Dual In-Line Package 


Dimension 


Tae | oo 036 058 


Millimeters 


0.76 1.78 
0.20 0.30 


radios 1.065 

eee 

P ee) 
<O -s\ke—p .200 
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20-Lead Ceramic Dual In-Line Package 


.008 .012 20 30 


930 975 | 23.60 24.80 
280 310 7.11 7.87 


Dimension 


65-1214 


20-Lead Ceramic Sidebraze Dual In-Line Package 


Dimension 
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J 
B 


20-Pad Leadless Chip Carrier 


Min Max 
A | 0.064 086 | 1.63 218 | 
0.054 0.066 1.37 1.68 


0.022 0.028 


Al 


A 


‘ 


N 


A 
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0.56 0.71 


8.69 9.09 


24-Lead Plasiic Dual In-Line Package (0.6" Wide) 


pores 


MUU ANILE 


ale 


?) 


@ 


65-1200 


0.30 
32.0 
13.97 
15.75 
2.54 BSC 


3.05 5.08 


015 075 | 038 1.91 
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24-Lead Ceramic Dual In-Line Package (0.6" Wide) 


Dimension 


ae ee 12.93 13.87 


Millimeters 


Min Max 
5.08 
: 0.53 
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24-Lead Ceramic Sidebraze Dual In-Line Package (0.3" wide) 


Millimeters 


oe 


1.30 i | ao 
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28-Pad Ceramic Leadiess Chip Carrier 


Inches Millimeters 
Dimension 


x45° 
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